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ABSTRACT 


A  three-year  program  of  continued  research  into  chemical,  physical, 
optical  and  meteorological  aspects  of  Arctic  haze  is  planned.  Primary 
areas  of  interest  for  1980-83  include  further  delineating  the  spatial  and 
temporal  distributions  of  the  Arctic  aerosol,  deducing  its  source  areas 
from  its  chemical  composition,  understanding  the  major  meteorological  as¬ 
pects  of  its  transport  from  midlatitudes  to  the  Arctic,  modeling  the  large- 
scale  chemical  and  physical  changes  of  the  polluted  air  masses  during  this 
transport,  correlating  chemical  and  optical  measurements,  investigating 
historical  and  climatological  aspects  of  Arctic  haze,  and  better  determin¬ 
ing  the  radiative,  nucleational  and  depositional  aspects  of  the  Arctic 
aerosol.  Routine  sampling  of  the  surface  aerosol  at  Barrow,  Poker  Flat, 
Iceland,  Narragansett  (RI),  and  Paris  will  continue.  A  year-long  sampling 
program  in  western  Ireland  will  be  conducted.  A  station  will  be  estab¬ 
lished  at  Nord,  Greenland.  In  addition,  samples  from  the  Norwegian  stations 
of  Spitsbergen  and  Bear  Island  will  continue  to  be  received.  Daily  aero¬ 
sol  samples  will  be  taken  at  Barrow  during  winter.  SamDles  will  be  ana¬ 
lyzed  for  trace  elements  by  neutron  activation  and  atomic  absorption,  and 
for  SOjj  and  210Pb  as  needed.  Routine  optical  measurements  will  be  taken 
at  Fairbanks.  Field  campaigns  at  various  Arctic  sites  will  provide  sup¬ 
plementary  data.  Routine  optical  data  from  a  variety  of  Arctic  Air-Sampl¬ 
ing  Network  sites  will  come  after  10  sun  photometers  are  distributed.  Par¬ 
ticle-size  distributions  of  the  Arctic  aerosol  will  be  inferred  by  invert¬ 
ing  optical  measurements.  Vertical  and  horizontal  profiles  of  the  aerosol ' 
from  Fairbanks  to  the  Arctic  Ocean  will  come  from  an  aircraft-sampling 
program  during  winter  1980-81.  Particle  dynamics  of  the  Arctic  aerosol 
will  be  studied.  The  project  on  cloud-active  aerosol  in  the  Arctic  will 
be  concluded.  Most  of  the  study  of  climatology  of  Arctic  haze  will  be 
completed.  Our  chemical  and  optical  data  on  the  Arctic  aerosol  will  be 
systematized  and  made  available  to  other  researchers.  Study  of  meteoro¬ 
logical  aspects  of  Arctic  haze  and  its  transport  will  continue,  in  large 
part  through  cooperative  programs.  Global  sources  of  atmospheric  Mn  will 
be  surveyed.  If  time  permits,  the  puzzling  behavior  of  Br  in  the  North 
American  Arctic  will  be  examined  further.  A  series  of  cooperative  programs 
with  other  institutions  will  be  continued,  most  at  no  cost.  We  will  con¬ 
tinue  to  support  and  help  coordinate  the  Arctic  Air-Sampling  Network. 

If  possible,  a  chemical-element  balance  approach  to  determining  sources 
of  the  Arctic  aerosol  will  be  begun.  The  Third  Symposium  on  Arctic  Air 
Chemistry  will  be  held  in  May  1983. 
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r  I.  Progress  Report:  August  1978  -  July  1980 
A.  Highlights  of  activities  and  results 
1.  Activities 

•  Aerosol  sampling  at  Barrow,  Fairbanks  and  Rhode  Island 
continued.  The  New  York  station  was  stopped  in  October 
1979.  An  Iceland  station  was  started  in  August  1979;  a 
Paris  station  started  in  October  1979.  An  Ireland  station 
is  slated  to  begin  in  1980.  A  second  sampler  and  expanded 
control  system  was  installed  at  Barrow.  The  Fairbanks 
sampling  apparatus  was  moved  from  Ester  Dome  to  Poker  Flat. 

•  Analysis  of  Barrow  samples  by  atomic  absorption  is  to  begin 
auring  fall  1980. 

•  Daily  filter  samples  were  taken  at  Barrow,  December  1979  - 
May  1980.  All  winter-spring  samples  were  gray. 

•  Tests  at  Narwahl  Island  north  of  Prudhoe  Bay  showed  the 
same  aerosol  as  at  Barrow;  this  confirms  regional  nature 
of  the  Barrow  samples. 

•  Cooperative  projects  on  organics  in  the  Arctic  aerosol, 
darkness  of  filter  samples,  Rn  in  the  Arctic,  sampling  in 
Greenland,  and  halocarbon  gases  in  the  Arctic  atmosphere 
all  helped  in  understanding  sources,  transport  and  charac¬ 
teristics  of  the  Arctic  aerosol. 

•  All  approaches  to  USSR  failed;  they  will  be  continued. 

•  Field  trips  for  study  of  cloud-active  aerosol  in  the  Arctic 
(Borys,  CSU)  were  successful  and  are  nearly  completed. 

•  Work  on  trace  elements  in  desert  soils  (Schtitz,  Mainz)  is 
nearly  complete;  the  first  publication  will  be  in  fall  1980. 

•  Optical  measurements  of  aerosol  at  Fairbanks  and  Barrow 
continued.  New  data  were  taken  from  the  Norwegian  Arctic. 

•  Eddy-diffusion  transport  model  for  Arctic  aerosol  was 
proposed. 

•  Development  of  improved  computer  program  for  calculating 
direct  radiative  effects  of  Arctic  aerosol  was  begun. 

•  Techniques  for  evaluating  the  flux  of  material  through 
particle  spectrum  of  Arctic  aerosol  were  evaluated. 

'  Instruments  were  constructed  to  measure  the  particle- 
size  distribution  of  Arctic  aerosol  for  r  <  lum. 

•  Study  of  climatology  of  Arctic  aerosol  (Raatz,  UA)  began. 

•  KAR  spent  3  months  at  NILU  during  1979. 

•  Second  Symposium  on  Arctic  Air  Chemistry  at  URI,  May  1980, 
was  attended  by  46  from  6  countries. 

•  T.  Conway,  R.  Borys  will  participate  in  YMER-80  expedition, 
sumer  1980. 

•  KAR  held  three  briefings  at  U.S.  State  Department,  1978-80. 
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i 

Results 


Overall  chemical  composition  of  the  Arctic  aerosol  was 
better  defined;  sulfur  and  carbon  dominate. 

Different  Mn/V  ratios  on  different  sides  of  the  Arctic 
appeared;  this  may  show  the  influence  of  an  unrecognized 
source.  The  Mn/V  ratio  on  both  sides  of  the  Arctic  is 
inconsistent  with  eastern  North  American  source. 

Complexity  of  seasonal  variations  increased;  variations 
by  location,  element  and  year  began  to  appear. 

First  222Rn  data  for  Barrow  was  produced.  Concentration 
was  highest  in  northern  Alaska;  seemed  to  indicate  a 
northward  origin. 

Many  arguments  were  developed  for  a  Eurasian  source  and 
against  a  North  American  or  an  eastern  Asian  source  of 
Arctic  aerosol.  Debate  on  sources  continued. 

Broad  chemical  and  physical  aspects  of  long-range  trans¬ 
port  of  polluted  air  masses  to  the  Arctic  were  revealed 
by  simple  numerical  simulation  of  atmospheric  aging. 

Great  stability  and  inertness  of  Arctic  atmosphere  during 
winter  was  indicated. 

Cloud-active  fraction  of  the  aerosol  of  Iceland  was  seen 
to  parallel  pollution-derived  SO^j  and  V. 

Small  but  significant  heating  by  Arctic  aerosol  in  spring 
was  calculated. 

Deposition  of  aerosol  to  the  Arctic  Ocean  was  estimated. 

It  seems  to  be  greatest  in  winter  and  affected  by.  pollution, 
but  less  so  than  is  the  aerosol  itself. 

Problem  of  high  Br  in  North  American  Arctic  in  spring  was 
identified — neither  source  nor  effects  is  yet  known. 

Trace-element  composition  of  desert  soils  was  found  to  be 
nearly  constant  within  the  aerosol-size  range  and  from 
desert  to  desert,  but  highly  variable  for  larger  particles. 
This  supports  the  use  of  enrichment  factors,  but  augurs 
against  finding  unique  trace-element  signatures  of  indi¬ 
vidual  deserts. 

First  estimates  of  particle-size  distribution  of  Fairbanks 
aerosol  were  obtained  by  inverting  optical  data. 

Cloudiness  in  the  Arctic  was  found  to  be  generally  unchanged 
since  1920,  except  for  a  slight  increase  in  Alaska  in  the 
early  19^0’ s.  Pollution  aerosol  in  Arctic  does  not  affect 
the  overall  cloudiness. 

Haze  was  reported  in  llh  of  327^  Ptarmigan  flights ,  with 
greatest  frequency  in  March-May. 
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B.  Activities 


1.  Routine  sampling  of  Arctic  surface  aerosol  (URI.UA) 

During  FY79-80  we  continued  to  take  routine,  continuous 
aerosol  samples  at  a  number  of  Arctic  and  Arctic-related  sites.  Chemical 
analysis  of  these  samples  and  interpretation  of  the  resulting  data  make  up 
one  of  the  cornerstones  of  our  Arctic  Haze  project,  for  we  believe  that 
the  Arctic  aerosol  and  its  environmental  effects  will  be  properly  under¬ 
stood  only  after  several  years  of  data  have  been  accumulated.  With  the 
current  expansion  of  the  Arctic  Air-Sampling  Network,  we  anticipate  con¬ 
tinuing  this  type  of  sampling  for  some  years  more. 

We  would  like  to  note  that  "routine"  is  perhaps  a  misnomer.  Sampling 
of  Arctic  aerosol  is  not  really  routine — it  requires  specialized  equip¬ 
ment,  careful  attention  by  the  operator,  and  frequent  consnunication  with 
the  home  base.  Our  analysis  uses  sophisticated  techniques,  and  is  only 
routine  in  the  sense  that  these  techniques  have  been  proven  over  the  last 
5-10  years.  Lastly,  our  interpretation  of  the  data: is  distinctly  nonrou¬ 
tine.  We  must  consider  both  natural  and  pollution  sources,  from  contin¬ 
ents  and  oceans,  and  often  try  to  distinguish  one  continent  from  another. 
Superimposed  on  all  this  is  large-scale  meteorology,  which  is  necessary 
to  account  for  the  large  seasonal  variations  found  for  the  Arctic  aerosol. 

We  call  our  sampling  program  "routine"  to  distinguish  it  from  the 
more  common  approach  of  an  intensive  field  campagin  which  lasts  for  2-4 
weeks.  We  believe  that,  because  of  the  large  seasonal  changes  in  the 
Arctic  aerosol,  continuous,  less  intense  sampling  offers  the  most  effi¬ 
cient  way  to  describe  the  aerosol  and  deduce  its  sources.  The  timing 
of  the  seasonal,  monthly,  or  weekly  changes  is  an  extremely  important 
property  of  the  Arctic  aerosol,  which  can  be  related  directly  to  meteoro¬ 
logical  changes,  hence  used  to  deduce  the  controlling  meteorological  fea¬ 
tures. 

In  Alaska  we  continue  to  sample  at  Barrow  and  Fairbanks.  Both  sites 
will  enter  their  fifth  year  of  continuous  aerosol  sampling  in  September 
1980.  At  Barrow,  the  sampler  remains  at  the  GMCC  Clean-Air  Observatory 
to  the  northeast  of  NARL,  During  July  and  August  1979  an  improved ,  ex¬ 
panded  relay  box  for  the  smple-control  system  was  installed  by  R.J. 

McCaffrey  of  URI,  designed  to  accept  multiple  high-  and  low-volume  samplers 
simultaneously,  and  operate  them  in  nearly  any  combination  of  clean-sector, 
dirty-sec tor,  and  continuous  sampling.  At  the  same  time,  a  second  URI  high- 
volume  aerosol  sampler,  indent! cal  to  the  first,  was  installed ,  to  allow 
us  to  take  samples  for  other  researchers,  or  different  types  of  samples 
for  us  simultaneously.  This  sampling  unit  was  purchased  with  funds  from 
ONR  and  GMCC. 

Altogether,  we  now  have  a  "mini  sampling  center"  at  the  GMCC  Observa¬ 
tory.  The  second  sampler  has  already  been  used  by  Dr.  Joan  Daisey  of  New 
York  University  for  collecting  aerosol  samples;  Dr.  Hal  Rosen  of  Lawrence 
Berkeley  Laboratory  has  used  the  sample  controller  for  his  low-volume 
aerosol  sampling  of  carbonaceous  aerosol  since  December  1979*  Our  second 
high-volume  sampler  will  be  used  by  Miss  NoSlle  F.  Lewis  for  her  M.S.  study 
of  trace  elements  as  a  function  of  particle  size  in  the  Barrow . aerosol 
(see  Section  II.B.16  below).  The  high-volume  cascade  impactors  which 
will  collect  samples  for  her  fit  directly  onto  the  filter  holders  already 
in  these  shelters. 
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During  July  1979,  the  Fairbanks  high- volume  sampler  was  moved  from 
Ester  Dome,  where  it  had  been  since  September  1976,  to  the  Poker  Flat 
Research  Range,  30  km  north  of  Fairbanks  and  in  the  next  valley.  By  this 
move,  we  hoped  to  decrease  contamination  from  the  Fairbanks  area,  decrease 
the  concentration  of  local  soil  dust  (Ester  Dome  was  dry  and  dusty),  trans¬ 
fer  operation  of  the  unit  to  the  personnel  at  the  Poker  Flat  site  (former- 
lly  someone  from  the  Geophysical  Institute  had  to  travel  to  Ester  Dome 
each  time  a  filter  had  to  be  changed,  which  became  difficult  in  winter), 
and  to  associate  our  air-quality  measurements  with  longer-term  ecological 
studies  planned  for  the  Poker  Flat  area  (deposition  measurements  by  Dr. 

James  Galloway  of  the  University  of  Virginia  began  therevin  November  1979). 
Dr.  Neal  Brown,  director  of  the  Poker  Flat  Research  Range,  supervises  the 
sampling  for  us,  and  is  an  enthusiastic  collaborator.  Recently,  sampling 
of  the  aerosol  on  Millipore  filters  for  ietermination  of  absorptive  pro¬ 
perties  by  diffuse  reflectance  (UA)  was  begun 

Because  of  the  importance  of  the  northeast  United  States  as  a  pot* 
tial  source  of  Arctic  aerosol,  we  have  had  a  program  of  continuous  aerc 
sampling  there  since  August  1976.  In  October  1979  we  terminated  operat  ~s 
in  New  York  City,  because  we  had  built  up  three  years  of  samples  from  t 
roof  of  the  NYC  Medical  Center  in  midtown  Manhattan,  and  because  we  hac 
too  many  other  sites  of  higher  priority  to  deal  with.  Sampling  at  Narr. 
gansett,  R.I.,  a  site  which  represents  the  northeast  U.S.  quite  well,  con¬ 
tinues,  however.  This  site  has  been  operating  since  October  1977. 

Mr.  Randolph  D.  Borys  of  our  program  installed  a  high-volume  sampling 
3ite  at  Irafoss,  Iceland,  in  August  1979.  This  site  is  a  hydroelectric 
facility  30  km  east  of  Reykjavik,  and  should  represent  regional  Icelandic 
conditions  very  well.  We  are  interested  in  Iceland  because  it  is  roughly 
the  halfway  mark  along  the  proposed  North  Atlantic  pathway  for  aerosol  from 
North  America  to  the  Arctic.  The  importance  of  this  pathway  has  recently 
been  debated;  we  are  happy  to  have  an  opportunity  to  check  it  directly. 

The  sampler  at  Irafoss  is  operated  by  the  Icelandic  Meteorological  Office, 
which  through  their  representative  Dr.  Flosi  Sigurdsson  has  been  very  kind 
to  us.  They  are  interested  in  undertaking  whatever  is  necessary  to  charac¬ 
terize  the  Icelandic  aerosol  properly,  which  probably  means  a  5- 10-year 
project.  After  our  sampler  was  installed,  they  moved  their  own  monitoring 
equipment  to  there  from  Reykjavik  (daily  samples  of  SO-  and  SO]!  as  well 
as  pH,  Na,  and  SOJj  in  precipitation).  They  are  very  interested  in  follow¬ 
ing  our  results.  In  addition,  Dr.  Rei  Rasmussen  of  Oregon  Graduate  Center 
will  conduct  a  feasibility  study  of  halocarbons  at  Irafoss  during  simmer 
1980,  and  hopes  to  have  a  longer  study  there,  starting  in  1981.  So  the 
Iceland  program  is  picking  up  mcnentizn. 

We  are  about  to  begin  aerosol  sampling  in  Ireland,  in  an  effort  to 
investigate  transport  of  aerosol  across  the  North  Atlantic  from  North 
America  to  Europe.  We  have  developed  a  cooperative  program  with  Dr. 

Edward  C.  Monahan  of  the  Department  of  Oceanography  of  University  College 
Galway  (and  an  ONR  contractor),  under  which  aerosol  samples  will  be  collec¬ 
ted  at  Gort  na  gfapall  (on  Inishroore,  one  of  the  Aran  Islands  just  outside 
Galway  Bay).  Sampling  was  scheduled  to  begin  in  April  1980,  but  as  of 
July  1980  we  have  not  yet  received  any  filters.  This  program  is  a  relative¬ 
ly  expensive  one,  much  more  so  than  originally  anticipated,  and  any  deci¬ 
sion  to  continue  it  beyond  the  contracted  one  year  will  have  to  be  based 
on  positive  results. 
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In  order  to  better  characterize  the  European  aerosol,  which  is  suspec¬ 
ted  to  be  the  source  of  much  of  the  Arctic  winter  aerosol,  we  have  arranged 
a  no-oost,  cooperative  project  with  the  Service  des  Pollutions  of  the 
Laboratoire  Central,  Prefecture  de  Police,  Paris,  through  Mr.  G.  Thibaut 
and  the  director,  Prof.  H.  Viellard.  As  of  1  October  1979,  they  are  taking 
continuous  samples  from  the  Tour  Saint-Jacques  in  the  center  of  Paris. 

This  site  has  an  elevation  of  50  m  above  local  ground,  and  should  be  very 
representative.  Samples  are  taken  twice  weekly,  with  their  equipment,  on 
47 -mm  Whatman  No.  40  filters.  We  have  received  the  first  thirty  filters. 
This  project  should  prove  to  be  a  valuable  one,  for  there  is  very  little 
information  available  about  trace  elements  in  the  European  aerosol,  and 
still  less  about  seasonal  variations  there. 

We  are  continuing  our  cooperative  arrangement  with  Dr.  B.  Ottar  of 
the  Norwegian  Institute  for  Air  Research  (NILU),  to  receive  portions  of 
his  high-volume  filter  samples  taken  at  the  NILU  Spitsbergen  and  Bear 
Island  sites.  These  samples  are  taken  three  times  weekly;  we  normally 
receive  one-quarter  or  one-half  the  filter.  Samples  arrive  at  URI  in 
large  groups,  usually  with  a  considerable  time  delay  after  sampling.  We 
have  analyzed  samples  from  both  locations  so  far;  the  results  for  Bear 
Island  formed  much  of  the  basis  for  KAR's  visit  to  NILU  during  simmer- fall 
1979. 


2.  Chemical  analysis  of  the  routine  samples  (URl) 

Nondestructive  neutron  activation  remains  the  heart  of  our 
analytical  program.  Whatever  else  is  done  to  a  sample,  it  is  analyzed  by 
neutron  activation.  Mr.  Thomas  J.  Conway  is  our  analyst;  in  addition, 

Mr.  Randolph  D.  Borys  of  Colorado  State  University  analyzes  the  samples 
from  his  field  trips. 

We  also  can  analyze  samples  for  S07  and  2l0Pb,  by  methods  developed 
by  Dr.  Richard  J.  McCaffrey.  These  techniques  were  discussed  in  the  last 
proposal .  During  this  contract  period,  Dr.  McCaffrey  calibrated  the  2l0Pb 
technique,  and  verified  the  extremely  high  concentrations  of  210Pb  that 
Environmental  Measurements  Laboratory  had  measured  at  Barrow  during  1975-76. 
At  present,  SOJj  and  210Pb  are  measured  as  needed,  not  routinely  on  all 
samples. 

Mr.  Conway  is  currently  learning  the  atomic  absorption  technique  used 
by  Mr.  Patrick  Harder  of  URI,  with  an  eye  toward  analyzing  Barrow  samples 
for  Pb,  Cd,  Mn,  Cu,  Zn  and  Ag.  If  the  results  prove  sufficiently  good, 
the  analysis  can  be  extended  to  other  elements  as  well. 

A  major  problem  is  that  we  have  more  samples  coming  in  than  we  can 
analyze.  This  rather  pleasant  state  of  affairs  reflects  the  cooperative 
spirit  of  several  different  organizations  in  taking  routine  samples  for 
us  in  the  field.  We  would  like  to  do  a  complete  neutron-activation  pro¬ 
cedure  on  all  samples,  as  well  as  subsequent  atomic  absorption,  but  this 
i3  not  possible.  Even  restricting  our  neutron  activation  to  short  irradia¬ 
tions,  we  are  still  farther  behind  than  we  would  like.  What  is  at  stake 
here  is  more  than  just  completeness;  we  now  see  that  several  of  the  ele¬ 
ments  determinable  by  long  irradiation  or  by  atomic  absorption  may  help 
us  resolve  some  of  the  puzzling  elemental  abundances  showing  up  at  Barrow, 
such  as  enriched  Mn  relative  to  V  throughout  much  of  the  year,  and  in 
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particular  during  fall.  We  are  looking  for  outside  support  for  a  second 
analyst,  but  so  far  without  success. 

3.  Canadian  aerosol  sampler  (URI) 

During  simmer  1978  we  constructed  a  high-volume  aerosol 
sampler  for  the  Canadian  Atmospheric  Environment  Service,  a  division  of 
Environment  Canada.  The  system  was  identical  to  our  Barrow  sampler,  and 
was  intended  for  an  AES-URI  cooperative  project  at  Alert,  NWT.  By  the 
time  the  system  was  actually  installed,  however,  Canadian  plans  had  changed 
and  it  was  placed  at  Mould  Bay,  NWT,  as  part  of  a  much  expanded  and  ex¬ 
clusively  Canadian  Arctic  program.  AES  has  now  constructed  similar  systems 
for  use  in  their  5-point  Arctic  Network.  At  present,  two  sites  are  operat¬ 
ing,  Mould  Bay  (since  April  1979)  and  Igloolik  (since  November  1979).  A 
third  site,  Alert,  is  scheduled  to  begin  in  July  1980.  We  now  have  a 
highly  standardized  Canadian- American  Arctic  Network:  samplers,  filter 
paper,  and  analytical  techniques  are  all  the  same.  Benefits  of  this 
approach  began  to  show  up  at  the  URI  Arctic  conference  in  May,  1980, 
where  their  results  from  Mould  Bay  could  be  compared  to  ours  from  Barrow 
without  hesitation. 

4.  '  Daily  aerosol  samples  at  Barrow  (URI) 

During  winter  1979-80  we  initiated  a  new  program  of  daily 
high- volume  aerosol  samples  at  Barrow,  in  addition  to  the  usual  4-day  sam¬ 
ples.  This  project  was  made  possible  by  the  summer  1979  installation  of 
the  second  sampling  system  at  Barrow,  mentioned  above.  This  project  had 
several  purposes:  (1)  Better  correlate  results  with  other  data  from  the 
GMCC  Observatory,  such  as  C£L,  0-,  light  scattering,  and  particle  counts, 
all  of  which  are  much  shorter-period  than  our  4-d  samples,  and  usually 
cited  as  hourly  means;  (2)  Compare  daily  aerosol  concentrations  with  air- 
mass  trajectories  to  Barrow,  which  are  being  generated  four  times  daily 
by  Dr.  John  Miller  of  NOAA/ARL  in  Silver  Spring,  Maryland.  It  is  much 
better  to  compare  daily  samples  than  4-day  samples  with  these  trajectories; 
(3)  Better  compare  changes  in  aerosol  with  changes  in  synoptic  systems  and 
air  masses  near  Barrow;  (4)  Investigate  the  relative  amplitudes  of  the 
various  temporal  cycles  at  Barrow,  and  compare  with  corresponding  data  in 
the  Norwegian  Arctic.  The  relative  importance  of  the  various  periodici¬ 
ties  can  be  used  to  deduce  information  about  the  controlling  mechanism 
of  aerosol  transport,  such  as  long  waves  vs.  short  waves  vs.  eddy  diffusion. 
Through  cooperative  studies  with  the  Norwegian  Institute  for  Air  Research, 
we  have  seen  a  very  pronounced  quasi-weekly  cycle  at  Bear  Island,  thanks 
to  their  daily  samples  of  SO-  and  S07 .  This  cycle  is  associated  with  the 
passage  of  synoptic  systems,  most  notably  the  Barents  Low,  through  the 
area.  But  at  Barrow  the  weather  seems  to  be  more  persistent,  and  we  wonder 
if  this  shows  up  in  the  cycles  of  aerosol,  too.  Our  data  from  Barrow  show 
two  major  cycles,  annual  and  quasi-monthly  (identified  with  changes  in 
the  pattern  of  planetary  waves,  or  index  cycle).  Daily  samples  are  needed 
to  properly  observe  a  weekly  cycle. 

No  results  are  available  yet  for  these  new  samples,  other  than  the 
visual  observation  that  they  were  all  noticeably  gray. 


5.  The  Narwahl  Island  experiment  (URI) 

Ever  since  we  began  to  sample  surface  aerosol  at  Barrow 
and  found  abnormally  concentrated  pollution  aerosol  in  the  winter,  there 
has  been  nagging  doubt  that,  i-'  spite  of  all  our  efforts  to  exclude  local 
(North  Slope)  sources,  our  samples  represented  local  aerosol  rather  than 
anything  Arctic-wide.  Through  a  variety  of  chemical  arguments  we  convinced 
ouselves  that  we  were  observing  truly  regional  properties.  But  others, 
not  familiar  with  the  power  of  these  arguments,  were  less  convinced.  A 
variety  of  exotic  mechanisms  for  effects  of  Barrow  itself,  even  when  the 
wind  was  coming  from  the  opposite  direction,  were  proposed  (regional  re¬ 
circulation,  deposition  and  later  resuspension  from  snow,  etc.),  none  of 
which  was  defensible  but  each  of  which  could  raise  doubts.  To  settle  the 
matter  once  and  for  all,  we  devoted  our  spring  1979  field  work  in  the 
Arctic  to  a  careful  check  of  the  regional  represen tativity  of  our  measure¬ 
ments  at  Barrow. 

The  program  was  run  by  Mr.  Thcmas  J.  Conway,  and  was  a  great  success. 
Simultaneous  daily  aerosol  samples  were  taken  at  Barrow  and  Narwahl  Island, 
30  km  north  of  Prudhoe  Bay,  under  clean-air  conditions  (N/NE  winds)  at 
each.  During  these  periods,  aerosol  observed  at  Narwahl  came  from  long 
trajectories  over  the  Arctic  Ocean,  and  reached  our  sampler  before  it 
encountered  any  other  human  activity  on  the  North  Slope.  In  addition,  a 
few  comparison  samples  were  taken  at  Deadhorse  Airport  in  Prudhoe  Bay, 
in  the  center  of  the  biggest  aerosol  source  on  the  North  Slope. 

The  results  showed  conclusively  that  Bair row  air  from  the  clean  sector 
truly  represents  the  Alaskan  Arctic  as  a  whole.  Concentrations  of  the 
pollutants  V  and  SO  7  were  nearly  the  same  at  Barrow  and  Narwahl.  Equally 
interestingly,  filters  from  both  locations  were  equally  gray  (indicating 
the  same  concentrations  of  sooty  carbon),  and  could  not  be  told  apart  by 
eye. 


Results  from  this  experiment  will  be  written  up  in  detail  in  the  fall 
of  1980.  In  the  meantime,  they  have  convinced  us  that  our  approach  to 
sampling  aerosol  of  the  Alaskan  Arctic  is  basically  sound.  (Canadian 
results  from  Mould  Bay,  a  12-man  meteorological  outpost  1300  km  ENE  of 
Barrow,  have  confirmed  almost  all  the  results  from  Barrow.) 

This  section  would  not  be  complete  without  a  word  of  caution.  Human 
activity  is  increasing  rapidly  around  Barrow,  and  it  is  becoming  harder 
and  harder  to  sample  regionally  representative  air.  The  clean-air  sector 
is  being  continually  eroded,  although  there  are  still  130®  left.  We  can 
see  the  time  coining  when  Barrow  will  no  longer  be  an  acceptable  site, 
although  we  do  not  know  when  this  will  be.  In  the  meantime,  we  do  what 
we  can  as  fast  as  we  can. 

6.  Cooperative  programs  (URI,UA) 

The  scope  of  our  Arctic  studies  has  been  broadened  greatly 
through  cooperative  activities — mostly  unfunded — with  other  interested 
institutions.  The  current  status  of  each  of  these  is  reviewed  in  this 
section. 

Our  major  cooperation  has  of  course  been  with  the  N0AA  OdCC  program. 
At  their  Barrow  observatory  they  have  provided  a  sampling  platform,  all 
the  electricity  we  used  (annual  rate  of  30,000  kWh  when  both  ^uraps  are 
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running),  observers  to  change  our  samples  and  maintain  the  equipment, 
as  well  as  abundant  chemical  and  meteorological  data  from  their  own 
measurements.  The  result  of  GMCC's  generosity  is  that  Barrow  is  now 
the  most  studied  site  for  Arctic  air  chemistry. 

A  similar  relationship  has  developed  for  Poker  Flat  Research  Range, 
outside  Fairbanks,  but  on  a  smaller  scale.  They  have  provided  the  elec¬ 
tricity  and  change  the  filters,  in  return  for  our  data  as  it  becomes 
available. 

Dr.  Joan  M.  Daisey  of  the  New  York  University  Medical  Center,  Tuxedo, 

New  York,  became  interested  in  organic  matter  in  the  Arctic  aerosol  in 
early  1979.  Since  then,  she  has  analyzed  filters  which  we  exposed  for 
her  at  Barrow  and  Narwahl  Island,  from  spring  and  simmer  1979.  Her  re¬ 
sults  have  shown  that  organic  matter  is  probably  the  second  most  abundant 
constituent  of  the  Arctic  winter  aerosol  (excluding  sea  salt,  or  course), 
and  that  its  sources  are  different  from  winter  to  summer.  Dr.  Daisey  has 
turned  a  portion  of  her  organic  extracts  over  to  Dr.  Charles  Weschler  of 
Bell  Laboratories,  Holmdel,  N.J. ,  who  has  further  analyzed  them  for  a 
variety  of  substances,  among  the  most  interesting  of  which  is  a  variety 
of  silicones,  at  concentrations  many  times  higher  than  in  New  York  City. 

The  reasons  for  this  are  not  yet  clear;  contamination  from  the  sampler 
cannot  be  absolutely  excluded  but  seems  unlikely.  We  will  look  into  the 
problem  of  silicones  further,  because  they  are  potentially  of  great  en¬ 
vironmental  interest. 

In  June  1979  we  undertook  a  cooperative  222Rn  experiment  with  Envi¬ 
ronmental  Measurements  Laboratory  (a  facility  of  the  Department  of  Energy) 
in  New  York  City.  The  concentration  of  222Rn  in  the  Arctic  is  of  great 
interest  to  us,  because  it  is  the  precursor  to  210Pb,  which  both  we  and 
EML  have  found  to  be  extremely  high  at  Barrow  during  winter.  Frcm  the 
210Pb/222Rn  ratio  one  can,  in  principle,  derive  some  idea  of  the  residence 
time  of  the  Arctic  aerosol.  We  have  hypothesized  that  Arctic  residence 
times  must  be  very  long,  in  order  to  account  for  the  high  210Pb,  SOI,  V 
and  other  constituents  of  the  Arctic  aerosol  in  winter;  we  wanted  to  check 
this  idea  experimentally.  EML  provided  two  small  integrating  Rn  detectors 
which  had  been  used  previously  at  their  Chester,  NJ  field  site.  Because 
neither  of  these  devices  was  intended  for  use  in  the  Arctic,  where  con¬ 
centrations  of  Rn  may  be  very  low,  they  were  first  exposed  for  a  month, 
then  for  two  weeks  when  it  became  apparent  that  the  concentrations  of  Rn 
were  sufficiently  high.  Useful  data  were  obtained  for  November  1979 
through  January  1980,  although  the  cold  of  Barrow  affected  both  instru¬ 
ments.  Now  that  we  are  beginning  to  get  a  feeling  for  the  actual  concen¬ 
trations  of  Rn  at  Barrow  (which  are  surprisingly  high,  particularly  during 
early  winter),  EML  has  become  more  interested,  and  will  lend  us  their 
ERM-3  (Environmental  Radon  Monitor),  a  prototype  instrument  of  great  sen¬ 
sitivity.  Our  proposed  work  with  this  instrument  is  described  in  Section 
II.B.15,  below.  The  original  contacts  with  EML  involved  Dr.  Alfred  J. 

Breslin  and  Mr.  Andreas  George.  Mr.  Breslin  has  since  retired;  we  are 
now  dealing  with  Mr.  George,  Acting  Director  of  the  Aerosol  Studies  Division. 

We  have  a  continuing  cooperative  arrangement  with  Dr.  Edward  M. 

Patterson  of  the  School  of  Geophysical  Sciences,  Georgia  Institute  of  Tech¬ 
nology,  Atlanta,  for  determining  the  absorptive  properties  (the  darkness) 
of  aerosol  on  Arctic  filters.  Dr.  Patterson  and  students  receive  filters 
frcm  us,  some  of  which  are  especially  taken  and  sane  of  which  are  routine, 
and  use  the  Kubelka-Munk  technique  to  determine  broad-band  absorption  of 
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visible  radiation  via  the  diffuse  transmittance  of  light  through  a  filter. 
This  information  not  only  can  be  put  directly  into  calculations  of  radia¬ 
tive  effects  of  Arctic  aerosol,  but  also  provides  an  estimate  of  the  con¬ 
centration  of  sooty  carbon  in  the  aerosol.  Dr.  Patterson  originally  work¬ 
ed  with  a  suite  of  16  samples  from  1976-7 8,  but  now  will  broaden  his  efforts 
to  the  total  set  of  approximately  100  samples.  A  joint  article  on  these 
results  is  being  prepared. 

Together  with  the  Danish  Air  Pollution  Laboratory  and  the  Danish 
Meteorological  Institute,  we  have  analyzed  a  series  of  winter  and  summer 
aerosol  samples  from  northern  and  southern  Greenland  (Thule  and  Prins 
Christ ianssund ,  respectively).  These  results  were  reported  in  part  by 
Rahn  and  McCaffrey  (1979a).  They  show  northern  Greenland  to  have  higher 
aerosol  conentrations  than  southern  Greenland,  particularly  during  winter. 
Thule  generally  had  less  aerosol  than  did  Barrow  or  Spitsbergen,  however. 
Part  of  this  project  was  a  PIXE-NAA  comparison  (PDCE  was  used  by  the 
Danish  group).  For  elements  in  common,  results  compared  to  20?  or  better. 
This  program  was  arranged  by  Dr.  Hans  Buch  of  DMI  and  Dr.  Neils  Z. 

Heidam  of  DAPL. 

Of  course,  cooperation  continued  between  URI  and  the  Norwegian  Insti¬ 
tute  for  Air  Research.  Samples  from  the  Norwegian  Arctic  were  analyzed  at 
URI,  results  and  their  significance  were  discussed,  and  joint  papers  were 
prepared.  KAR  spent  three  months  there  in  1979  (Section  14  below). 

A  cooperative  project  is  presently  being  worked  out  with  Dr.  R.A. 
Rasmussen  of  Oregon  Graduate  Center,  Beaverton.  Dr.  Rasmussen  measures 
atmospheric  halocarbons  with  great  precision,  and  is  extremely  anxious 
to  begin  a  systematic  program  in  the  Arctic.  We  plan  two  feasibility 
studies:  (1)  we  will  take  flask  samples  for  him  on  the  YMER  this  suniner; 

(2)  the  Icelandic  Meteorological  Office  will  take  a  series  of  samples  at 
Irafoss  this  summer  and  fall.  The  results  of  these  studies  will  be  used 
to  plan  more  detailed  studies,  probably  at  Irafoss  and  Barrow.  Among 
other  things,  the  halocarbons  should  provide  tracers  for  North  American 
vs.  Eurasian  air  masses.  In  combination  with  the  aerosol  tracers  we  are 
developing,  this  should  provide  a  powerful  tool  for  determining  the  area 
of  origin  for  the  Arctic  aerosol. 

General  Motors  Research  Laboratories,  through  Dr.  George  Wolff,  has 
offered  to  see  whether  it  can  determine  concentrations  of  elemental  carbon 
on  our  library  of  back  filters  from  Barrow.  If  they  are  successful,  an 
enormous  amount  of  valuable  data  could  result.  We  have  not  yet  learned 
the  results  of  their  tests,  however. 

7.  Subcontracts (URI ) 


The  University  of  Rhode  Island  let  four  subcontracts  during 
the  FY1979-80  Arctic  Haze  contract  period:  the  usual  one  to  the  University 
of  Alaska  to  support  Dr.  Shaw  ($35,703  for  FY80),  one  to  Colorado  State 
University  in  FY80  for  expenses  of  Mr.  Randolph  D.  Borys  ($8150;  for  purely 
administrative  reasons),  one  to  University  College  Galway  (Dr.  E.C.  Monahan) 
to  support  aerosol  sampling  on  the  Aran  Islands  (FY80,  $3000)  and  one  for 
$3000  to  Dr.  Elmar  Reiter  of  Colorado  State  University  to  perform  a  series 
of  meteorological  calculations  concerning  the  relation  between  planetary 
waves  in  the  atmosphere  and  transport  of  aerosol  to  Barrow.  Dr.  Reiter's 
work  has  been  completed;  his  report  is  discussed  in  Section  I.C.3. 
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During  the  coming  contract  period  we  will  continue  to  subcontract  to 
University  of  Alaska.  Because  of  extreme  difficulties  in  setting  up  the 
subcontract  with  Colorado  State  University,  however,  we  may  resume  our 
earlier  practice  of  handling  Mr.  Borys'  expenses  from  URI.  As  noted 
above,  renewal  of  the  Galway  subcontract  depends  upon  the  first  results, 
which  are  not  yet  in.  Dr.  Reiter’s  subcontract  was  a  one-time  venture, 
and  will  not  be  renewed. 

8.  Approaches  to  the  USSR  (URI) 

No  study  of  the  Arctic  is  complete  without  participation 
by  the  USSR.  Ever  since  the  Arctic  Air-Sampling  Network  was  established 
in  1977,  we  have  been  continually  attempting  to  interest  them  in  joining. 
Dr.  B.  Ottar  has  contacted  representatives  of  the  USSR  through  his  EMEP/ 
ECE/UN  activities,  to  no  avail.  K.  Rahn  has  tried  through  his  contacts, 
with  the  same  results.  The  USSR  State  Committee  on  Hydrometeorology  and 
Protection  of  the  Natural  Environment,  Moscow,  was  contacted  twice  about 
attending  the  May  1980  Arctic  Symposium  at  URI,  but  never  answered. 

The  importance  of  involving  the  USSR  in  our  Arctic  work  increases 
with  time,  as  our  estimates  of  the  role  of  the  USSR  in  Arctic  air  chemistry 
increase  (see  Section  I.C.3  below).  We  are  presently  trying  to  arrange 
some  sort  of  cooperative  program  through  Working  Group  VIII  of  the  US-USSR 
Joint  Conmittee  on  Environmental  Protection.  The  subject  of  a  US-USSR 
Arctic  experiment  was  raised  informally  last  fall  to  members  of  the  USSR 
delegation  visiting  the  US,  and  was  received  with  cautious  optimism  by 
them.  No  formal  answer  has  been  given  yet,  however. 

In  October  1980,  KAR  will  present  the  case  for  a  joint  study  to  a 
meeting  of  US  and  USSR  delegations  of  working  Group  VIII  in  Miami.  We 
hope  that  concrete  plans  can  be  laid  soon  after  that. 

9.  Ph.D.  thesis  of  R.D.  Borys,  Colorado  State  University 

The  Ph.D.  thesis  of  Mr.  Randolph  D.  Borys  of  the  Depart¬ 
ment  of  Atmospheric  Science  of  Colorado  State  University,  on  cloud-active 
aerosol  in  the  Arctic,  supported  one-half  by  the  Arctic  Haze  Contract, 
continues  on  schedule.  The  planned  summer  and  winter  field  studies  at 
five  Arctic  and  one  midlatitude  sites  have  been  completed,  except  for  the 
sunnier  study  at  Spitsbergen.  This  latter  visit  was  scheduled  for  late 
summer  1979,  but  had  to  be  cancelled  when  costs  of  reaching  the  research 
site  at  Ny  Alesund  rose  excessively  after  the  local  ship  stopped  running 
for  the  season.  Instead,  summer  data  for  the  Spitsbergen  area  will  be 
collected  by  Mr.  Borys  from  the  YMER  in  August  and  September  1980.  A 
sunniary  of  Mr.  Borys’  field  work  to  date  is  shown  in  Table  1. 

Samples  were  collected  during  approximately  10  consecutive  24-h 
periods  at  the  sites.  Types  of  samples  included  high- volume  aerosol 
filters  (for  determining  trace  elements  and  sulfate),  cloud-condensation 
nucleus  (CCN)  concentrations ,  condensation-nucleus  (CN)  concentrations, 
filters  for  ice-nucleus  concentrations,  and  filter  samples  for  determin¬ 
ation  of  particle-size  distributions  by  a  scanning  electron  microscope 
(SEM)  and  for  determination  of  composition  of  aerosol  particles  by  an 
SEM/XRF  microprobe . 
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in 

the  Arctic  and  environs. 

Site 

Dates-.  Number  of  24-h  samples 

Barrow,  AK 

27  July  -  7  August  1979 

10 

23  March  -  7  April  1980 

10 

Poker  Flat,  AK 

17  -  25  July  1979 

9 

4-13  April  1980 

10 

Pangnirtung,  NWT, 

21  June  -  3  July  1979 

9 

Canada 

26  January  -  3  February  1980 

7 

Irafoss,  Iceland 

14  -  25  August  1979 

9 

16  -  23  February  1980 

7 

Ny  Xlesund, 

28  February  -  11  March  1980 

11 

Spitsbergen 

Narragansett,  RI 

12-19  June  1979 

10 

6-15  January  1980 

7 

Mr.  Borys'  neutron-activation  and  sulfate  analyses  are  completed 
(at  URI).  Sumner  CCN  and  CN  counts  are  in  rough  tabular  form.  The 
winter  CCN  data  require  photographic  processing  before  analysis.  No 
ice-nucleus  concentrations  have  been  determined  yet. 

10.  Trace  elements  in  desert  soils  (URI,  Mainz) 

The  work  of  Dr.  Lothar  SchUtz  on  trace  elements  in  size- 
fractionated  desert  soils,  started  during  a  9-month  research  visit  to 
URI  in  1977,  continues  to  be  processed.  This  work  is  being  carried  on 
at  his  new  institute,  Institut  fUr  Meteorologie  der  UniversitSt ,  Mainz, 
where  Dr.  Schlltz  moved  from  the  Max-Planck-Institut  fUr  Chemie,  Mainz, 
in  late  1979.  All  concentration  data  have  been  completed  and  are  stored 
in  the  university  computer.  They  have  been  printed  out  in  various  tables, 
and  over  200  plots  have  been  drawn  by  computer.  In  March  1980  KAR  met 
with  Dr.  SchUtz  to  go  over  these  data;  a  summary  of  the  results  appears 
in  Section  I.C.9  below. 

The  essence  of  the  results  will  be  presented  by  Dr.  SchUtz  at  the 
annual  meeting  of  the  German  aerosol  society  GAF  in  fall  I960.  After 
that,  a  large  report  will  be  prepared,  to  be  followed  by  one  or  more 
journal  articles.  These  data  have  already  been  of  use  to  us  in  under¬ 
standing  the  V/Al  ratio  of  aerosols,  and  will  shortly  be  used  to  help 
interpret  Mn/Al  patterns  emerging  in  the  Arctic.  This  is  only  the  tip 
of  the  iceberg;  they  should  see  many  more  applications. 

11.  Optical  properties  and  radiative  effects  of  Arctic  haze  (UA) 

At  UA,  Dr.  Shaw  has  continued  to  accumulate  sun-photometer 
measurements  of  the  wavelength  dependence  of  extinction  by  aerosol  in -and 
around  the  Arctic.  From  1978-80,  data  have  been  taken  at  Fairbanks, 

Barrow,  and  at  Kongsriya  in  the  Norwegian  Arctic.  At  the  same  time,  the 
scattering  phase  function  of  the  Arctic  aerosol  has  been  evaluated  from 
measurements  of  the  intensity  and  wavelength  distribution  of  skylight 
at  selected  scattering  angles  (from  the  sun). 

The  column-integrated  particle-size  distribution  of  the  Arctic  aerosol 
is  recoverable  from  this  optical  data,  by  means  of  a  constrained  linear 
inversion  program  which  has  been  developed  by  GES  over  the  past  two  years 
and  tested  extensively  on  simulated  data  (Shaw,  1979;  Section  I.E.3  here). 

At  present,  actual  radiation  data  from  U  or  5  test  periods  are  being  in¬ 
verted;  preliminary  results  are  given  in  Section  I.C.10  below.  Currently, 
the  major  uncertainty  in  the  inversion  procedure  is  the  magnitude  of  the 
single-scattering  albedo  of  the  aerosol.  In  an  effort  to  remedy  this,  GES 
and  KAR  have  recently  received  a  two-year  NSF  grant  "Radiative  effects  of 
Arctic  haze",  one  of  whose  major  goals  is  to  determine  the  single-scattering 
albedo  of  the  Arctic  aerosol  by  a  variety  of  independent  means.  The  con¬ 
tribution  of  this  0NR  Contract  to  measuring  this  parameter  is  determining 
the  absorptive  properties  of  the  aerosol  by  measuring  the  spectral  reflec¬ 
tivity  of  exposed  Millipore  filters,  then  applying  Kubelka-Munk  theory. 

The  measured  and  derived  optical  parameters  of  the  Arctic  aerosol 
(monochromatic  optical  thickness,  phase  function,  particle-size  distribu¬ 
tion,  single-scattering  albedo,  etc.)  are  used  to  predict  heating  and 
cooling  rates  in  the  Arctic  attributable  to  the  aerosol.  Calculations 
are  performed  with  an  efficient  computer  program  for  radiative  transfer 
in  the  Geophysical  Institute.  It  accounts  for  all  orders  of  scattering, 
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which  is  very  important  for  the  low  soiar  elevations  in  the  Arctic. 

Initial  results  fran  an  early  version  of  the  program  were  reported  at 
the  aerosol  conference  of  the  New  York  Academy  of  Sciences  in  January 
1979  (Shaw  and  Stamnes,  1980;  Section  I.E.5  here);  it  predicted  an  at¬ 
mospheric  heating  of  about  1°C  per  day  in  spring  near  the  surface  of 
the  Arctic.  This  value  is  high  enough  to  be  climatically  significant, 
and  has  encouraged  us  to  continue.  A  new  program  is  now  being  developed, 
with  two  major  improvements:  (a)  it  includes  radiation  of  all  wavelengths, 
weighted  by  the  wavelength  distribution  of  incoming  solar  radiation, 
instead  of  the  single  wavelength  of  the  original  program;  and  (b)  it 
includes  absorption  by  atmospheric  water  vapor.  This  new  program, 
combined  with  updated  radiative  data  from  the  Arctic,  should  provide  a 
much  improved  estimate  of  the  actual  direct  radiative  effects  of  Arctic 
haze. 


Other  radiation-related  activities  of  UA  for  197 8-80: 

•  An  aerosol  camera  photometer  has  been  developed. 

•  New  calibration  scales  and  techniques  have  been  developed  to  improve 
the  accuracy  of  our  field  measurements. 

•  A  new,  smaller  sun  photometer  has  been  developed,  examples  of  which 
will  be  distributed  over  the  Arctic  Air-Sampling  Network  (see  Section 
II. B. 4  below). 

•  A  photometer  was  lent  to  the  Norwegian  Institute  for  Air  Research. 

•  A  photometer  was  lent  to  Dr.  B.  Holmgren  of  Uppsala  University  for 
winter  use  at  Tafala  Glacier  in  northern  Sweden. 

•  A  newly  developed  stellar  photometer,  whose  function  is  to  measure 
Arctic  haze  in  the  dark  of  winter,  was  tested  in  1978-79,  but  gave 
disappointing  results  because  of  instrumental  drift  and  difficulties 
in  calibration.  Plans  are  being  made  to  install  it  in  an  insulated 
cubicle  at  Poker  Flat  Research  Range  outside  Fairbanks. 

•  We  are  working  out  a  collaborative  program  with  Dr.  W.  Sellers  of 
the  University  of  Arizona.  He  will  insert  some  of  our  derived 
radiation  parameters  for  the  Arctic  into  his  climatic  evaluation 
program,  in  order  to  see  whether  Arctic  haze  might  be  expected  to 
have  any  global  climatic  effects. 

12.  Particle  dynamics  and  single-particle  chemistry  (UA) 

In  conjunction  with  his  work  on  determining  the  particle- 
size  distribution  of  the  Arctic  aerosol  (Sections  I.B.ll  and  I.C.10),  G. 
Shaw  of  UA  is  presently  studying  the  mass  flux  of  Arctic  aerosol  through 
the  size  distribution.  These  results  will  aid  in  interpreting  the  size 
distributions  that  are  eventually  found,  in  terms  of  types  of  sources, 
types  of  sinks,  age,  etc..  Nucleation,  coagulation,  impaction  and  diffu¬ 
sion  transfer  material  from  the  smallest  sizes  (r  «*  10" V®)  to  the  largest 
sizes  (r  >  lyra),  where  they  can  be  removed  by  sedimentation  and  impaction. 
From  the  size  distribution  of  the  Aitken  particles  (r  <  O.lym) ,  one  may 
be  able  to  deduce  the  gas-to-particle  conversion  rate,  hence  the  flux  of 
material  through  the  size  spectrum,  and  possibly  a  lower  limit  for  the 
age  of  the  particles  as  well.  The  particle-size  distribution  in  the 
radius  range  0.001  -  lym  is  being  determined  with  a  Nuclepore  diffusion 
chamber  and  with  an  accurate,  very  sensitive  air-expansion  particle 


counter  which  has  been  constructed  at  the  Geophysical  Institute  from 
ONR  funds.  The  particle- size  distribution  is  deduced  from  a  computer 
program  for  nonlinear  Chahine-type  inversion.  These  instruments  and  the 
computer  program  were  developed  in  1979-80  with  substantial  effort. 
Preliminary  tests  indicate  that  size  distributions  inferred  from  this  in¬ 
version  procedure  agree  well  with  those  obtained  directly  from  counting 
on  electron-microscope  images  of  filters;  Dr.  Shaw  anticipates  a  fruitful 
next  year  of  application. 

Electrical-mobility  measurements  can  also  provide  information  on 
the  size  distribution  of  Aitken  particles.  Presently  available  commercial 
instruments  are  unsuitable  for  Arctic  conditions.  A  newly  developed  mobility 
analyzer  of  the  Institut  fUr  Meteorologie  (Mainz),  which  apparently  can 
detect  and  size  particles  automatically  even  at  the  low  concentrations 
expected  for  the  Arctic,  will  be  investigated  by  W.E.  Paatz  of  UA  during 
the  YMER  expedition  of  July-August  1980.  He  hopes  to  persuade  the  Mainz 
group  to  undertake  a  collaborative  program  in  the  Arctic. 

Dr.  Shaw  is  also  investigating  the  possibility  of  observing  a  self¬ 
preserving  size  distribution  in  the  Arctic.  Theory  predicts  that,  given 
enough  time  and  steady-state  of  sources  and  sinks  of  aerosol,  a  unique, 
so-called  self-preserving  particle-size  distribution  of  aerosol  should  be 
established  which  is  independent  of  the  original  size  distribution.  The 
predicted  self-preserving  size  distribution  is  never  observed  in  midlati¬ 
tudes,  presumably  because  aging  times  are  too  short  and/or  conditions  are 
not  sufficiently  steady-state.  But  the  Arctic,  because  of  its  size, 
homogeneity,  and  remoteness,  may  allow  the  long-sought  self-preserving 
size  distribution  to  be  established.  If  so,  this  would  be  an  exciting 
development  for  both  Arctic  aerosols  and  aerosols  in  general. 

Dr.  Shaw  has  also  been  determining  concentrations  of  sulfate-contain¬ 
ing  particles  with  the  Bigg  thin- film  method,  which  is  slowly  becoming  a 
standard  technique  at  the  Geophysical  Institute.  X-ray  spectrometry  on 
larger  particles  collected  at  the  Poker  Flat  Research  Range  has  found 
lead-rich,  vanadium-rich,  and  other  pollution-derived  particles. 

13*  Ph.D.  thesis  of  VI. E.  Raatz,  University  of  Alaska 

Dr.  Shaw  has  recently  acquired  a  Ph.D.  student,  Mr.  Wolfgang 
E.  Raatz  of  West  Germany.  Mr.  Raatz  has  a  Master's  degree  in  climatology 
from  Prof.  Flohn's  group  in  Bonn,  and  will  do  a  Ph.D.  thesis  on  the  clima¬ 
tology  of  Arctic  haze.  His  thesis  will  have  three  parts:  (1)  a  small  his¬ 
torical  study  of  cloudiness  in  the  Arctic  since  1920  (completed  and  submit¬ 
ted  as  an  article  to  Atmospheric  Environment);  (2)  a  larger  historical 
study  of  haze  and  visibility  from  the  Ptarmigan  data  (begun);  and  (3)  a 
contemporary  study  relating  aerosol  concentrations  at  Barrow  to  synoptic 
configurations,  cloudiness ,  precipitation,  etc.  For  his  raw  chemical 
data,  Mr.  Raatz  is  drawing  on  various  stations  of  the  Arctic  Air-Sampling 
Network,  Barrow  in  particular.  He  is  reducing  the  data  on  several  chemi¬ 
cal  elements  from  1976-79  at  Barrow,  Fairbanks,  and  ultimately  other  sites 
as  well,  to  uniform  5-day  means,  then  running  correlations,  cross-correla¬ 
tions,  and  other  statistical  tests  on  these  data. 


Mr.  Raatz 's  graduate  stipend  comes  partially  frcm  the  Arctic  Haze 
Contract  and  partially  from  the  University  of  Alaska. 
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14.  K.  Rahn's  research  visit  to  NILU,  1979 


During  July-October  1979,  K.  Rahn  spent  3  months  at  the 
Norwegian  Institute  for  Air  Research,  Lillestrrim,  as  a  research  visitor. 
This  was  seen  as  the  first  in  a  series  of  exchange  visits  within  the 
Arctic  Air-Sampling  Network.  It  was  enormously  profitable.  The  results 
included  the  development  of  the  hypothesis  of  return-flow  circulation  of 
air  to  the  Norwegian  Arctic  during  winter,  a  study  of  transport  across 
the  North  Atlantic  from  EMEP  data  (none  found  for  SO-,  only  0.4yg  ra~3  for 
SOp,  a  NILU  report  on  the  relative  importance  of  western  Europe,  eastern 
Europe,  and  the  western  USSR  as  sources  of  Arctic  aerosol,  and  the  first 
draft  of  a  letter  on  SO2  at  Bear  Island  for  Nature  (submitted  May  1980). 
These  ideas  are  discussed  further  in  Section  I.C  below.  In  addition,  KAR 
was  given  access  to  the  huge  library  of  EMEP  data,  which  is  a  valuable 
resource  for  evaluating  potential  European  sources  of  Arctic  aerosol  and 
S02.  We  hope  to  have  further  exchanges  in  the  near  future. 

15.  Progress  of  the  Arctic  Air-Sampling  Network,  1977-80 

The  Arctic  Air-Sampling  Network  continues  to  thrive. 

Because  ONR  contributes  to  the  Network  via  its  support  of  sampling  sta¬ 
tions  at  Barrow,  Fairbanks,  Rhode  Island,  Iceland  and  Ireland,  comments 
on  the  general  state  of  the  Network  may  be  of  interest. 

From  its  original  9  sampling  stations  in  1977,  the  Network  has  grown 
to  a  present  roster  of  16  sites.  Programs  of  individual  countries  or 
laboratories  are  also  much  better  funded  than  they  were  three  years  ago, 
with  the  most  progress  made  in  Canada  and  Denmark.  The  variety  of  research 
carried  out  at  a  given  site  is  generally  greater  than  it  was  three  years 
ago,  as  well. 

The  Network  has  fallen  into  a  pattern  of  small,  technical  meetings 
annually  and  larger,  more  diversified  symposia  each  three  years.  Symposia 
were  at  NILU  in  1977  and  at  URI  in  1980;  technical  meetings  were  at  the 
Danish  Air  Pollution  Laboratory  in  1978  and  at  URI  in  1979.  The  next 
technical  meeting  will  be  held  at  Downs view,  Ontario  (Atmospheric  Environ¬ 
ment  Service)  in  May  1981;  the  third  Symposium  on  Arctic  Air  Chemistry 
will  be  held  in  spring  1983,  at  an  undetermined  location. 

Communication  within  the  network  is  provided  by  the  Arctic  Newsletter, 
edited  by  KAR.  Distribution  is  just  over  100  copies.  At  the  May  1980 
symposium  KAR  agreed  to  continue  the  Newsletter  at  least  until  1983. 

16.  Conferences  attended 


URI  Grou£ 

•  GAMETAG  Aerosol  Measurements  Workshop,  Georgia  Institute 
of  Technology,  Atlanta,  7-8  September  1978  (KAR).  Par¬ 
ticipated  in  discussions  and  presented  informal  talk  on 
Arctic  haze. 

•  Americal  Chemical  Society  Meeting,  Miami  Beach,  11-12 
September  1978  (KAR). 

•  GAF  (Gesellschaft  fUr  Aerosolforschung)  Annual  Meeting, 
Vienna,  26-28  September  1978  (KAR). 
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Papers  presented  (GAF  78): 

(1)  Aerosol-snow  fractionation  of  trace  elements 
(Rahn-McCaffrey) . 

(2)  Elemental  composition  of  Aitken  particles  (SchUtz- 
Ketseridis-Rahn) . 

NSF  Workshop  on  Atmospheric  Chemistry,  National  Center 
for  Atmospheric  Research,  Boulder,  CO,  16-18  October 
1978  (KAR).  Member,  Trace  Element  Panel. 

U.S.  Department  of  State,  Bureau  of  Oceans  and  Inter¬ 
national  Environmental  and  Scientific  Affairs,  Washington, 
DC,  20  November  1978  (KAR).  First  briefing  on  the  Arctic 
aerosol. 

Planning  meeting  for  YMER-80,  Department  of  Physical 
Geography,  University  of  Stockholm,  8-9  December  1978 
(ICAR).  Talk  on  Arctic  air  chemistry  and  why  it  should 
be  part  of  YMER-80. 

Arctic  Air-Sampling  Network  Technical  Meeting,  URI, 

5-6  January  1979  (KAR,  RJM,  TJC). 

New  York  Academy  of  Sciences  Conference  on  Aerosols: 
Anthropogenic  and  Natural — Sources  and  Transport,  New 
York  City,  9-12  Januay  1979  (KAR, RJM).  Chaired  session  • 
on  long-range  transport  of  aerosol  (KAR).  Presented  Rahn- 
McCaffrey  paper  on  winter  Arctic  aerosol  and  Shaw-Stamnes 
paper  on  radiative  effects  of  Arctic  aerosol  (KAR). 

NOAA/GMCC  Annual  Meeting;  GMCC  Aerosol  Chemistry  Workshop, 
Boulder,  Colorado,  6-9  March  1979  (KAR).  Brief  talk  on 
what  species  in  the  Arctic  aerosol  should  be  monitored 
by  GMCC. 

Environmental  Measurements  Laboratory,  New  York  City, 

13  June  1979  (KAR.  RJM).  Met  with  H.  Feely.  Arranged 
for  cooperative  **2Rn  program  with  A.  Breslin  and  A. 

George. 

U.S.  Department  of  State,  Bureau  of  Oceans  and  International 
Environmental  and  Scientific  Affairs,  Washington,  DC,  16 
July  1979  (KAR).  Second  briefing  on  the  Arctic  aerosol. 

WMD  Symposium  on  Long-Range  Transport  of  Pollutants  and 
its  Relation  to  General  Circulation,  Including  Strato¬ 
spheric/Tropospheric  Exchange  Processes,  Sofia,  Bulgaria, 

1-5  October  1979  (ICAR).  Presented  paper  on  Arctic  air 
chemistry,  with  reasons  why  USSR  should  be  a  part. 

Symposium  on  High  Latitude  Climate  Systems  of  the  American 
Meteorological  Society,  Boston,  Mass.,  6-8  November  1979 
(KAR, RJM,  TJC).  Presented  brief  talk  on  radiative  effects 
of  the  Arctic  aerosol  (KAR). 

U.S.  Department  of  State,  Bureau  of  Oceans  and  International 
Environmental  and  Scientific  Affairs,  Washington,  DC, 

9  February  1980  (KAR, TJC).  Third  briefing  on  the  Arctic 
aerosol. 
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•  Aerosol  Receptor  Model  Workshop,  Durham,  NC,  25-28 
February  1980  (KAR).  Participated  in  working  groups; 
presented  a  short  talk  on  similarities  between  receptor 
modeling  of  aerosol  in  urban  and  remote  areas. 

•  Second  Symposium  on  Arctic  Air  Chemistry,  URI,  6-8  May 
1980  (KAR,  RJM,  TJC).  Many  different  activities. 

UA_Group 

•  WMO  Technical  Conference  on  Regional  and  Global  Scale 
Observation  of  Atmospheric  Pollution  relative  to  Climate, 
Boulder,  Colorado,  20-24  August  1979  (GES).  Presented 
paper  "The  meaning  of  atmospheric  turbidity". 

•  International  Union  of  Geodesy  and  Geophysics  and  Inter¬ 
national  Association  of  Meteorology  and  Atmospheric 
Physics  General  Assembly,  Canberra,  Australia,  2-15 
December  1979  (GES).  Presented  paper  "Considerations 

on  the  polar  aerosol".  After  the  meeting,  GES  spent 
4  days  at  the  laboratory  of  CSIRO  Division  of  Cloud 
Physics,  with  K.  Bigg,  G.  Ayers,  J.  Gras,  and  A.  Ono 
(Nagoya  Univeristy).  Dr.  Bigg  lent  UA  a  G.E.  nucleus 
counter  for  use  under  this  contract. 

•  Second  Symposium  on  Arctic  Air  Chemistry,  URI,  6-8  May 
1980  (GES,WER).  GES  presented  the  paper  "Eddy-diffusion 
transport  of  Arctic  haze:  A  preliminary  model";  WER 
presented  the  paper  "Trends  in  cloudiness  in  the  Arctic 
since  1920". 

17.  Second  Symposium  on  Arctic  Air  Chemistry,  URI,  6-8  May  1980 

The  Arctic  Air  Chemistry  Group  of  URI  held  this  symposium, 
with  KAR  as  chairman.  It  was  co-sponsored  by  ONR,  NSF,  NOAA/GMCC ,  and 
URI.  Total  attendance  was  46,  from  6  countries;  26  papers  and  several 
shorter  corrcnuni cations  were  given.  An  issue  of  Atmospheric  Environment 
will  be  devoted  to  papers  from  this  conference.  Th j-  final  program  is 
included  here  for  reference. 

The  results  of  this  conference  will  do  much  to  stimulate  progress  in 
Arctic  air  chemistry. 

18.  YMER-80  expedition  (URI,  UA,  CSU) 

We  are  presently  participating  in  the  Swedish  YMER -80 
scientific  expedition  to  the  Greenland-Spi tsbergen-Franz  Joseph  Land 
Arctic.  This  project  constitutes  our  Arctic  field  work  for  1980.  From 
URI,  T.J.  Conway  is  on  the  entire  first  leg  (24  June  -  7  August  1980); 

R.D.  Borys  of  CSU  will  be  present  for  parts  a  and  b  of  the  second  leg 
(9  August  -  7  September  1980).  Samples  taken  include  high- volume  filters 
for  trace-element  analysis,  high-volume  filters  for  organic  analysis,  low- 
volume  filters  for  microscopy ,  and  sun-pho tcroe t ry  measurements  (TJC). 

During  the  second  leg,  Mr.  Borys  will  do  all  of  the  above,  plus  his  own 
cloud-active  nucleus  counting  and  flask  sampling  for  analysis  of  halo- 
carbons  by  Dr.  R.A.  Rasmussen  of  Oregon  Graduate  Center.  We  are  ant.'ci- 
pating  a  very  worthwhile  experiment. 
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From  UA,  W.E.  Raatz  will  be  based  on  Kongs^ya  with  a  meteorological 
team  from  the  Universities  of  Uppsala  and  Stockholm.  His  efforts  include: 

(a)  multi-wavelength  sun-photometer  measurements  of  atmospheric  turbidity; 

(b)  aerosol  sampling  with  Millipore  and  Nuclepore  filters  for  determining 
the  absorptive  properties  of  the  aerosol;  (c)  sampling  aerosols  with  a 
rcicro-impactor,  for  later  determination  of  chemical  composition  and  particle- 
size  distribution;  and  (d)  periodically  sampling  cloud  droplets  with  a 
kite-borne  and  balloon-borne  replicator,  to  identify  and  classify  cloud- 
active  nuclei  (in  cooperation  with  T.  Ohtake  and  K.  Jayaweera  of  UA). 

This  field  program  will  take  place  from  1  July  through  7  August  1980. 

19.  State  Department  briefings  (URI,UA) 

The  Bureau  of  Oceans  and  International  Environmental  and 
Scientific  Affairs  of  the  U.S.  Department  of  State  first  came  into  contact 
with  our  Arctic  haze  research  through  Dr.  Shaw,  and  has  become  very  inter¬ 
ested  in  it.  KAR  has  briefed  them  three  times  on  the  progress  of  our 
studies  and  their  implications,  20  November  1978,  16  July  1979  and  9  Febru¬ 
ary  1980.  A  fourth,  large  briefing  is  anticipated  for  fall  1980,  in  con¬ 
nection  with  the  recent  formation  of  the  U.S.  Government's  Interagency 
Arctic  Policy  Group,  headed  by  L.A.  Rose  of  the  Office  of  Oceans  and  Polar 
Affairs  of  the  above  bureau. 

C.  Results,  interpretation  and  ideas 

1.  Chemical  composition  of  the  Arctic  aerosol  (URI) 

The  Arctic  aerosol  seems  to  be  dominated  by  sulfate,  carbon¬ 
aceous  matter  and  water.  (We  speak  here  only  of  the  submicron  fraction 
of  the  aerosol,  which  can  be  transported  long  distances.  The  supermicron 
fraction,  comprised  mostly  of  sea  salt  and  soil,  is  probably  local  in 
origin.)  At  Barrow  in  March,  for  example,  nonmarine  sulfate  is  2.2  yg  nr3 , 
extractable  organics  are  0.9  yg  m"3(Daisey  et  al. ,  1981),  and  elemental 
carbon  is  about  0.3  yg  nr3  (from  transmittance  measurements  by  E.  Patterson 
of  Georgia  Tech).  Other  primary  pollutants  are  0.4  yg  nr3,  and  nitrate  is 
about  0.2  yg  m"3  (Data  for  Mould  Bay,  NWT;  Barrie  et  al. ,  1981).  The 
amount  of  water  in  the  aerosol  is  still  uncertain,  but  is  surely  large;  it 
may  be  on  the  order  of  2-3  yg  m”3.  Thus,  sulfate  and  carbonaceous  matter 
together  account  for  about  85?  of  the  dry  submicron  aerosol  and  about  50? 
of  the  total  (wet  plus  dry)  submicron  aerosol.  This  dominance  of  sulfate 
and  carbon  in  the  submicron  Arctic  aerosol  is  strikingly  similar  to  the 
composition  of  the  Aitken  range  (r  <  O.lym)  of  remote  aerosol  (Schtltz  et 
al.,  1978),  and  suggests  a  common  origin  for  particles  in  these  two  ranges. 
The  composition  of  the  giant  range  (r  >  lyra)  is  very  different,  however, 
both  in  the  Arctic  and  elsewhere. 

As  noted  earlier,  we  have  confirmed' ^the  extremely  high  concentrations 
of  the  continental  indicator  3 1  °Pb  found  earlier  by  Environmental  Measure¬ 
ments  Laboratory  for  Barrow  in  winter.  Their  concentrations,  which  reach 
30  i  Ci  nr3,  are  the  highest  yet  recorded  routinely  for  2l0Pb,  to  the  best 
of  our  knowledge.  They  are  all  the  more  surprising  because  most  of  the 
air  of  winter  comes  to  Barrow  from  the  Arctic  Ocean,  not  directly  from 
land.  There  are  several  possible  reasons  for  these  high  concentrations: 
locally  high  concentrations  of  precursor  222Rn,  high  222Rn  from  distant 
continental  areas,  or  long  residence  times  for  Arctic  aerosol  in  winter. 


-23- 


Our  preliminary  results  for  222Rn  at  3arrow  during  three  months  of  winter 
1979-80,  shown  in  Figure  1  (fran  a  cooperative  experiment  with  EML),  indi¬ 
cate  that  it  is  more  abundant  there  than  in  southern  Alaska,  as  are  210Pb 
and  many  other  species  in  the  aerosol.  For  222Rn  this  is  consistent  with 
either  a  distant  northern  source  or  an  Alaskan  southern  source  and  north¬ 
ward  air  flow.  Repeated  simulations  suggest,  however,  that  the  distant 
northern  source  is  a  much  more  likely  explanation.  A  more  detailed  ex¬ 
periment  with  EML's  ERM-3  Rn  detector  will  determine  whether  high  Rn  at 
Barrow  is  associated  with  northern  or  southern  air.  We  anticipate  begin¬ 
ning  this  experiment  in  late  1980. 

As  more  chemical  data  on  the  Arctic  aerosol  are  generated,  small  but 
perhaps  significant  differences  in  composition  are  beginning  to  appear  in 
different  parts  of  the  Arctic.  It  would  seem  that  the  Arctic  aerosol  is 
not  quite  the  monolith  that  we  once  thought  it  was.  The  best  example  of 
this  so  far  is  the  Mn/V  ratio,  which  is  turning  out  to  be  about  two  times 
higher  in  the  North  American  Arctic  (Barrow  and  Mould  Bay)  than  in  the 
Norwegian  Arctic  (Spitsbergen  and  Bear  Island).  An  unusually  high  Mn/V 
ratio  was  also  found  for  snow  near  Barrow  by  Weiss  et  al.  (1978),  but 
its  meaning  was  overlooked  completely  until  similar  ratios  were  noted  in 
mid-1980  for  Barrow  and  Mould  Bay.  We  feel  that  this  factor  of  two  is 
significant.  It  means  that  there  is  a  different  mix  of  pollution  sources 
for  the  two  sides  of  the  Arctic,  because  if  the  Barrow-Mould  Bay  aerosol 
were  derived  from  the  Spitsbergen-Bear  Island  aerosol,  as  it  would  be  if 
Eurasia  alone  were  the  primary  source  reggion,  aging  effects  should  make 
the  Mn/V  ratio  lower,  not  higher,  on  the  North  American  side.  At  present 
the  explanation  for  these  differences  is  not  known  with  certainty;  long 
irradiations  and  atomic  absorption  analysis  of  the  samples  should  provide 
valuable  clues,  however.  The  preprint  in  Section  I.E.7  discusses  the 
Mn/V  ratio  and  its  meaning  in  more  detail. 

2.  Seasonal  variations  of  the  Arctic  aerosol  (URI,UA) 

The  large  seasonal  variations  of  the  Arctic  aerosol  seen 
in  earlier  years  continue  to  be  confirmed,  both  for  later  years  and  at 
other  sites  (Mould  Bay,  for  example) .  As  data  increase  a  certain  fine 
structure  appears,  however,  with  systematic  differences  in  seasonal  vari¬ 
ations  showing  up  for  different  locat'  ->ns,  different  years  and  different 
elements.  It  is  now  clear  that  sea-  nal  raviations  are  greater  on  the 
North  American  side  of  the  Arctic  than  on  the  Eurasian  side.  A  hint  of 
this  was  seen  earlier  for  V  (Rahn  and  McCaffrey,  1980;  Section  I.E.4 
here);  it  is  now  confirmed  for  more  elements  at  more  sites.  In  general, 
we  interpret  this  difference  to  mean  that  the  major  sources  of  Arctic 
aerosol  are  on  the  Euraisan  side,  i.e.,  Eurasia  itself.  An  interesting 
point  is  that  the  lesser  seasonal  variation  in  the  Eurasian  Arctic  comes 
from  elevated  sunnier  minima  rather  than  decreased  winter  maxima — winter 
concentrations  of  aerosol  are  about  the  same  on  both  sides  of  the  Arctic. 
Thus,  the  picture  is  emerging  that  aerosol  is  injected  into  the  Arctic 
from  the  Eurasian  side  both  sunnier  and  winter,  albeit  less  frequently 
and  with  less  intensity  during  sumner.  In  winter,  once  the  aerosol 
reaches  the  Arctic,  where  precipitation  is  meager  and  residence  times  of 
aerosol  are  long,  it  can  travel  freely  all  the  way  to  the  other  side, 
ftit  aerosol  injected  into  the  Arctic  in  sumner  is  removed  much  faster  by 
greater  precipitation,  hence  is  confined  to  a  region  much  closer  to  its 
source.  As  a  result,  the  "pole  of  minimun  concentration”  in  sumner  is 
shifted  from  the  North  Geographic  Pole  to  the  North  American  Arctic,  into 
the  Barrow-Mould  Bay  region. 


Figure  1.  Monthly  mean  concentrations  of  the  continental  gas^^Rn  at 
three  Alaskan  sites.  The  Wales  and  Kodiak  data  are  frctn 
Lockhart  (1962);  Barrow  data  are  from  this  Contract . 
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Our  understanding  of  year-to-year  differences  in  seasonal  variations 
*  of  Arctic  aerosol  is  less  advanced  than  is  our  understanding  of  geographic 
or  elemental  variations.  Nevertheless,  some  features  are  beginning  to  stand 
out.  The  early-November  onset  of  high  concentrations  of  V  and  SO  7  at 
Barrow  in  1976  seems  now  to  be  unusually  strong  and  early.  Later  years 
had  smoother  increases,  with  high  concentrations  appearing  only  in  Decem¬ 
ber.  Further,  the  January  dip  at  Barrow  was  much  less  pronounced  in  1978 
than  in  1977.  Both  these  observations  are  consistent  with  the  winter  of 
1976-77  being  the  most  abnormal  in  100  years.  As  data  become  developed 
for  1978-80  at  Barrow,  we  will  be  able  to  place  this  first  winter  of 
sampling  into  a  better  perspective.  (It  has  also  been  pointed  out  to  us 
by  Harry  van  Loon  of  NCAR  that  the  first  three  winters  of  our  sampling 
at  Barrow,  1976-77  through  1978-79,  formed  a  smooth  progression  from 
strongly  meridional  to  strongly  zonal  circulation  in  the  Northern  Hemi¬ 
sphere.  We  will  be  looking  for  related  trends  in  air  chemistry  at  Barrow.) 

Some  very  interesting  elemental  differences  in  seasonal  variations 
in  the  Arctic  are  beginning  to  appear.  The  first  to  be  noticed  was  a 
2-4-week  later  spring  maximum  for  SOjJ  than  for  V,  which  is  now  atributed 
to  late-spring  photochemical  oxidation  of  SO-.  (The  SO4/V  ratio  shows  a 
distinct  relation  to  the  amount  of  sunlight  in  the  Arctic.)  Next,  we 
noticed  a  November-December  maximum  for  2l0Pb,  not  a  spring  maximum  (Rahn 

and  McCaffhey,.  1979b,- 1980;  Sections  I.E.  2  and  .4  here):  this  is  now  seen  to 
be  accompanied  by  a  similar  maximum  in  227Rn  (Figure  1).  Recently,  early- 
fall  rises  of  Mn  have  been  noted  for  Barrow  and  Mould  Bay  (Barrie  et  al., 
1981),  and  fall  rises  of  darkness  of  filter  and  elemental  carbon  at  Barrow 
(Rosen  and  Novakov,  1981;  Patterson  and  Rahn,  1981).  We  are  not  yet  sure 
of  the  significance  of  any  of  these  fall  maxima,  but  we  suspect  that  they 
are  related  to  locations  of  aerosol  sources  affecting  the  Arctic,  as  well 
as  seasonally  varying  transport  paths.  As  data  for  other  elements  are 
built  up  for  the  Arctic  aerosol,  we  hope  to  construct  a  better  chemical 
profile  of  these  additional  sources. 

Perhaps  it  should  be  pointed  out  that,  in  spite  of  all  the  intriguing 
new  data  on  seasonal  variations  now  appearing,  no  satisfactory  explanation 
for  the  basic  spring  maximum  in  the  Arctic  has  yet  been  proposed!  We 
attempted  this  about  a  year  ago,  without  real  success  (Rahn  and  McCaffrey, 
1980 ;  Section  I.E. 2  here).  G.  Shaw  has  recently  (Shaw,  1981)  proposed 
that  cloudiness,  not  precipitation,  accounts  for  the  seasonal  variations. 
This  question  should  be  answered  before  other  seasonal  patterns  are  con¬ 
sidered. 

A  URI  paper  on  seasonal  variations  in  the  Barrow  aerosol  will  be  pre¬ 
pared  for  Atmospheric  Environment. 

3.  Sources  of  the  Arctic  aerosol  (URI) 


In  1976  we  realized  that  at  least  the  V  of  the  Arctic  aero¬ 
sol  had  to  be  derived  from  pollution  sources  far  from  the  Arctic.  In  1978, 
with  the  advent  of  sulfate  data  for  the  Arctic,  we  concluded  that  much  of 
the  sulfate,  hence  much  of  the  Arctic  aerosol  (of  winter)  was  also  pollution- 
derived.  In  the  last  two  years,  we  have  seen  nothing  to  change  our  mind 
on  this  point.  If  anything,  the  geographic,  seasonal,  and  elemental 
patterns  of  the  Arctic  aerosol  point  toward  a  pollution  source  more  strongly 
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than  ever.  Only  the  specific  source  areas  are  still  in  question.  [Pollu¬ 
tion  may  even  account  for  much  of  the  Sumner  sulfate,  previously  thought 
to  be  natural,  via  photochemical  oxidation  of  the  long-lived  gaseous  pol¬ 
lutants  COS  and  CS2.  ] 

Over  the  last  2-3  years  there  have  been  two  important  trends  in  our 
thinking  concerning  which  pollution  sources  are  the  most  important  for 
the  Arctic.  The  first  is  about  the  relative  importance  of  North  America 
vs.  Eurasia.  In  1976-77  we  looked,  perhaps  naively,  to  eastern  North 
America  as  the  probable  main  source  of  pollution  to  the  Arctic,  via  the 
North  Atlantic  pathway.  The  weight  of  evidence  since  that  time  has  forced 
us  to  change  our  mind,  however.  As  of  early  1979  we  recognized  that  there 
was  too  much  210Pb  at  Barrow  to  have  came  from  North  America  via  the  North 
Atlantic;  a  Eurasian  source  for  S02  and  V,  coupled  with  a  pathway  through 
the  western  USSR,  fit  the  Barrow  data  much  better.  The  SO^/V  ratio  at 
Barrow  was  more  compatible  with  European  conditions  than  with  North  Ameri¬ 
can,  also.  Lastly,  there  were  glimmerings  that  the  proportions  of  Mn  and 
V  at  Barrow  were  more  like  Eurasian  than  like  eastern  North  American  con¬ 
ditions  (Rahn  and  McCaffrey,  1980;  Section  I.E.4  here).  Later,  as  more 
data  from  the  Arctic  Air-Sampling  Network  became  available,  empirical 
maps  of  the  geographical  distributions  of  SO^  and  V  in  winter  strongly 
indicated  a  Eurasian,  not  North  American  origin  for  the  Arctic  aerosol 
(Rahn  and  McCaffrey,  1979b;  Section  I.E.2  here).  Theoretical  reasons 
for  this  lack  of  transport  over  the  North  Atlantic  were  proposed  in  early 
1980  (Rahn,  1980). 

The  second  major  progression  in  our  thoughts  about  sources  was  east¬ 
ward  within  Eurasia.  In  1976-78  we  considered  the  main  question  to  be 
North  American  vs.  Europe.  In  late  1978  we  recognized  that  a  pathway 
through  at  least  the  western  USSR  seemed  to  be  necessary  to  account  for 
the  high  210Pb  at  Barrow  (Rahn  and  McCaffrey,  1980;  Section  I.EJ4  here). 

No  pollution  sources  within  eastern  Europe  or  the  USSR  were  considered  yet, 
however.  In  late  1979,  simulations  of  SOp  amd  SOjj  along  two  pathways 
leading  to  the  Arctic  from  western  Europe,  eastern  Europe  and  the  western 
and  central  USSR  showed  that  the  USSR  could  no  longer  be  neglected  as 
a  source  (Rahn,  1979).  As  a  result,  we  now  consider  the  Arctic  aerosol 
to  originate  from  some  combination  of  European  and  USSR  sources.  We  also 
recognize  that  when  an  air  mass  passes  over  the  highly  industrialized 
area  of  the  southern  Urals  in  the  central  USSR,  all  previous  non-USSR 
sources  become  unimportant.  The  greater  Mn/V  ratios  in  the  North  American 
Arctic  than  in  the  Norwegian  Arctic  may  be  evidence  of  the  effect  of  these 
USSR  sources. 

Our  ideas  about  the  dominance  of  Eurasian  sources  for  the  Arctic 
aerosol  are  not  universally  accepted,  however.  The  most  recent  dissenter 
is  Dr.  E.R.. Reiter  of  Colorado  State  University,  who  concluded  form  his 
study  of  planetary  waves  and  V  at  Barrow  (funded  by  a  $3000  subcontract 
from  URI  in  FY80)  that  the  most  likely  source  was  New  England.  We  consider 
such  debate  healthy.  Copies  of  Dr.  Reiter's  lengthy  report  are  available 
from  URI. 


4.  Transport  of  aerosol  to  the  Arctic  (URI.UA) 

Our  study  of  the  Arctic  aerosol  involves  understanding  long- 
range  transport  of  aerosol  (and  trace  gases)  on  the  scale  of  5,000  to 
15,000  km.  Although  there  has  been  study  of  this  scale  of  transport  for 
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radionuclides  and  volcanic  aerosol  in  the  stratosphere  and  upper  tropo¬ 
sphere,  to  the  best  of  our  knowledge  there  have  been  no  studies  of  such 
long-range  transport  of  aerosol,  especially  of  pollution  aerosol,  in  the 
lower  troposphere.  Add  to  this  that  the  bulk  of  the  transport  to  the 
Arctic  may  occur  in  the  lowest  2-3  km  only,  and  there  is  clearly  no  prece¬ 
dent  to  what  we  are  trying  to  understand  and  model.  The  situation  is 
further  aggravated  by  the  fact  that  much  of  the  transport  of  the  Arctic 
takes  place  over  highly  remote,  largely  uninhabited  areas  from  which  few 
meteorological  observations  are  available,  and  where  it  is  very  difficult 
to  establish  monitoring  stations.  For  these  reasons  we  have  taken  a  very 
broad,  general  approach  to  understanding  long-range  transport  to  the  Arctic, 
and  have  concentrated  initially  on  identifying  its  major  meteorological 
features  rather  than  becoming  involved  with  unverifiable  detail.  We  now 
discuss  these  major  features,  some  of  which  have  been  mentioned  above. 

Neither  the  North  Pacific  nor  the  North  Atlantic  seems  to  be  a  major 
pathway  of  aerosol  from  midlatitudes  to  the  Arctic.  This  eliminates  Japan/ 
Korea/China  and  the  eastern  United  States  as  important  sources.  Transport 
of  aerosol  can  be  seen  across  the  North  Atlantic,  but  the  amounts  of  aero¬ 
sol  are  small  enough  to  be  easily  masked  by  Eurasian  emissions.  No  S02 
has  been  observed  to  cross  the  North  Atlantic.  There  seems  to  be  less 
transport  of  pollution  across  the  Pacific  than  across  the  Atlantic,  be¬ 
cause  of  the  former's  greater  dimension,  weaker  sources,  more  southerly 
placement  of  sources  and  less  direct  pathways  to  the  Arctic.  Even  for  the 
Atlantic,  close  examination  of  meteorological  maps  seems  to  reveal  far 
fewer  cases  of  transport  of  air  from  the  northeast  United  States  eastward, 
then  northward  over  Iceland  to  the  Arctic,  than  we  had  expected.  Air 
from  the  United  States  usually  winds  up  only  about  10°  farther  north,  in 
Europe  rather  than  in  the  Arctic.  In  the  vicinity  of  Iceland,  air  is 
usually  traveling  southward,  not  northward  during  winter. 

In  the  broadest  sense,  we  attribute  the  lack  of  transport  of  aerosol 
to  the  Arctic  via  marine  pathways  to  the  relatively  great  precipitation 
and  turbulence  over  oceans  in  winter,  as  well  as  to  the  southerly  place¬ 
ment  of  pollution  sources  on  the  western  sides  of  both  oceans.  By  contrast, 
Eurasian  sources  are  located  10-15°  farther  north;  their  emissions  travel 
over  continents  rather  than  over  oceans  on  their  way  to  the  Arctic,  hence 
are  exposed  to  much  less  precipitation  en  route.  If,  as  we  believe,  the 
removal  of  aerosols  in  and  around  the  Arctic  is  controlled  largely  by  the 
amount  of  precipitation,  aerosol  from  Eurasia  is  removed  much  less  quickly 
than  is  aerosol  from  eastern  Asia  or  eastern  North  America,  hence  can  reach 
the  Arctic  in  greater  concentration.  Once  aerosol  is  in  the  Arctic,  the 
slight  degree  of  precipitation  there  during  winter  assures  it  of  a  long 
lifetime,  and  allows  it  to  mix  over  the  entire  Arctic  if  circulation  per¬ 
mits.  Thus,  long  residence  times  in  and  around  the  Arctic  in  general,  and 
particularly  during  winter,  are  a  key  element  in  our  understanding  of 
transport. 

We  are  not  yet  sure  just  how  long  residence  times  of  Arctic  aerosol 
are  during  winter.  If  they  were  controlled  exclusively  by  precipitation, 
they  could  easily  reach  20-50  days  or  more.  Dry  deposition  may  reduce 
these  figures.  Transit  times,  on  the  other  hand  (not  to  be  confused  with 
residence  times,  which  are  the  inverse  of  the  rate  of  removal),  appear 
to  be  10-20  days.  We  would  like  to  determine  experimentally  values  of 
residence  and  transit  times  by  radionuclide  measurements ;  we  are  presently 
evaluating  whether  this  is  possible. 
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There  is  a  variety  of  pathways  for  transport  from  Eurasia.  From 
Europe  proper,  aerosol  can  flow  anticyclonically  via  the  Norwegian  Sea, 
due  northward  via  the  Baltic  Sea,  or  cyclonically  via  the  western  USSR. 

From  the  western  USSR  it  generally  flows  cyclonically,  under  the  influence 
of  the  Icelandic  1-ow.  Fran  the  central  USSR  it  can  flow  anticyclonically, 
northward,  or  cyclonically,  depending  on  the  positions  of  the  Icelandic 
low  and  the  Asiatic  high.  Much  of  our  work  on  transport  in  the  near 
future  will  be  devoted  to  determining  the  relative  frequencies  and  effi¬ 
ciencies  of  these  various  northward  pathways  from  Eurasia. 

It  was  only  in  late  1979  that  the  existence  and  importance  of  the 
return- flow  pathway  fran  Eurasia  to  the  Norwegian  Arctic  was  recognized. 
This  came  fran  a  study  of  the  Bear  Island  aerosol  while  KAR  was  spending 
3  months  at  the  Norwegian  Institute  for  Air  Research.  To  create  this 
pathway,  air  flows  cyclonically  around  the  Barents  low,  the  eastward  exten¬ 
sion  of  the  Icelandic  low,  and  brings  high  concentrations  of  aerosol  and 
SO-  to  Bear  Island  and  Spitsbergen  fran  the  northeast  (Figure  2) .  The  exis¬ 
tence  of  this  pathway  was  first  proposed  by  Rahn  (1979)  to  account  for 
10  of  13  cases  of  high  S0_  at  Bear  Island  during  the  winter  of  1977-78;  its 
existence  was  confirmed  by  trajectories  calculated  by  Mr.  Thomas  J.  Conway 
in  early  1980  (Rahn  et  al. ,  1980).  We  consider  this  an  extremely  impor¬ 
tant  pathway  for  understanding  air  pollution  in  the  Norwegian  Arctic. 

It  probably  also  plays  a  sizeable  role,  but  not  an  exclusive  one,  in 
determining  air  quality  in  the  North  American  Arctic. 

There  has  been  much  discussion  recently  about  the  altitude  of  trans¬ 
port  of  aerosol  to  the  Arctic.  While  Arctic  haze  occasionally  extends  to 
the  trope oause  (Mitchell,  1956),  its  maximum  altitude  is  more  normally 
approximately  5  km  (Ptarmigan  data).  This  does  not  necessarily  mean,  how¬ 
ever,  that  aerosol  observed  in  the  boundary  layer  of  the  Arctic  has  actual¬ 
ly  reached  these  altitudes  during  transport.  On  the  basis  of  numerous 
reports  in  the  literature,  we  suspect  that  air  above  the  Arctic  surface 
inversion  (top  at  1-1.5  km)  is  decoupled  from  that  below  it,  hence  may  be 
of  different  composition,  different  pathway,  and  different  origin.  This 
would  imply  that  aerosol  observed  near  the  surface  in  the  Arctic  could 
have  traveled  a  long  distance  within  the  surface  layer.  Because  similar 
inversion  conditions  are  found  over  the  (snow-covered)  Eurasian  source 
regions  during  winter,  transport  near  the  source  would  be  low-level  as 
well.  Thus,  it  seems  quite  possible  to  imagine  aerosol  traveling  a  large 
fraction  of  the  way  from  Eurasia  to  the  Arctic  within  the  surface  boundary 
layer  of  the  atmosphere.  Although  this  Idea  fits  the  facts  of  the  Arctic 
as  we  see  them,  it  breaks  all  the  "rules"  of  long-range  transport  and  is 
consequently  not  generally  accepted.  Unfortunatley,  we  do  not  see  an 
easy  way  to  test  it. 

Another  topic  of  long-range  transport  with  which  we  must  deal  is  the 
degree  of  large-scale  dilution  of  polluted  air  masses  by  outside  air. 

We  have  used  dilution  factors  up  to  6,  but  they  are  only  guesses.  In 
actual  practice  they  are  "fudge  factors",  used  to  adjust  simulated  Arctic 
concentrations  to  the  observed  concentrations.  At  present,  we  are  not 
aware  of  any  way  to  estimate  large-scale  dilution  independently  and  accu¬ 
rately. 

Our  models  of  long-range  transport  are  expressed  as  simulated  aging 
of  air  masses,  usually  for  10-20  d.  Aging  diagrams  are  given  in  Rahn  and 
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McCaffrey  (1980;  Section  I.E.4  here),  Hahn  (1979)  and  Hahn  (1980). 

Further  results  of  simulated  aging  are  given  in  Rahn  and  McCaffrey 
(1979b;  Section  I.E.2  here). 

A  novel  approach  to  understanding  transport  of  aerosol  the  the  Arctic 
has  recently  been  offered  by  Shaw  (1981).  He  proposes  that  eddy  diffusion, 
rather  than  organized  motion,  controls  transport  in  the  Arctic  on  the  time 
scales  of  5-20  days  that  we  are  dealing  with.  The  basis  for  this  work  is 
the  idea  that  organized  motion  of  air  masses  (hence  the  trajectory  approach 
to  understanding  sources  of  Arctic  aerosol)  disappears  when  the  lateral 
scale  of  eddy  diffusion  from  a  point  source  reaches  the  mean  size  of 
the  basic  system  of  air  flow  in  and  around  the  Arctic.  If  the  latter  is 
taken  to  be  a  synoptic  system,  and  a  characteristic  distance  of  spread 
due  to  eddy  diffusion  is  given  by  x  =  v/Bt,  where  D  is  the  coefficient  of 
horizontal  eddy  diffusion,  x  may  reach  500-1000  km  in  the  10-20  days  of 
travel  one  usually  associates  with  transport  from  midlatitudes  to  the 
Arctic.  In  a  simple  model,  Shaw  estimates  the  concentration  of  S0|  at 
Barrow  from  estimated  mean  concentrations  at  506N,  10%  frequency  of  north¬ 
ward  injection,  eddy  diffusion  alone  north  of  50°,  and  various  residence 
times.  The  model  predicts  6.9  Ug  ffl'3  SOn  at  Barrow,  about  three  times 
higher  than  the  maxi  man  monthly  mean  of  2.2  yg  it5  for  March.  Considering 
the  simplicity  of  the  model,  this  agreement  was  considered  very  good. 

An  interesting  finding  of  the  model  was  a  similarity  between  the  seasonal 
variation  of  Arctic  aerosol  and  the  timing  of  cloudiness  in  the  Arctic, 
from  which  Shaw  hypothesized  that  clouds,  not  precipitation,  may  be  the 
major  remover  of  Arctic  aerosol.  The  eddy-diffusion  model  is  being  written 
up  for  submission  to  Atmospheric  Environment. 

The  question  of  eddy  diffusion  vs.  organized  flow  for  air  flow  to  the 
Arctic  is  an  important  one,  and  is  sure  to  be  discussed  much  more  in  the 
future. 


5.  Cloud-active  aerosol  in  the  Arctic  (CSU) 

This  is  the  Ph.D.  thesis  topic  of  Mr.  Randolph  D.  Borys 
of  the  Department  of  Atmospheric  Science  of  Colorado  State  University. 

Our  Contract  supports  one-half  of  Mr.  Borys'  graduate  stipend  and  most  of 
his  Arctic  field  wort:. 

Mr.  Borys  has  nearly  completed  his  summer  and  winter  Arctic  field  work, 
as  discussed  in  Section  I.B.9  above.  Overall,  the  field  programs  have  pro¬ 
ceeded  smoothly  and  all  the  data  sought  were  obtained.  Spitsbergen  and 
Barrow  were  the  most  polluted  sites  during  winter.  At  Spitsbergen,  an 
episode  of  pollution  from  Eurasia  was  easily  visible.  Iceland  was  very 
clean  in  summer,  except  for  an  episode  of  pollution  from  Europe.  At  least 
during  the  short  stay  at  Pangnirtung,  Baffin  Island,  which  is  along  the 
proposed  pathway  from  eastern  North  America  to  the  Arctic  via  the  west 
coast  of  Greenland,  this  pathway  was  not  an  active  one.  The  aerosol  at 
Poker  Flat  (outside  Fairbanks)  was  very  different  from  that  at  Barrow, 
especially  during  winter.  During  the  winter  visit  to  Poker  Flat,  it  was 
35 °C  (60°F)  warmer  than  Barrow.  Thus,  Poker  Flat  and  Barrow  were  in  en¬ 
tirely  different  air  masses.  This  apparently  held  true  for  much  of  the 
rest  of  winter  of  1979-80  as  well,  which  was  the  third  wannest  in  the  his¬ 
tory  of  Fairbanks,  and,  according  to  G.  Shaw,  free  of  Arctic  haze. 
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The  results  of  Mr.  Borys'  suraner  1979  field  study  in  Iceland  are 
being  prepared  for  submission  to  Atmospheric  Environment ;  a  preprint  is 
included  here  as  Section  I.E.6.  It  forms  an  interesting  case  study. 
Concentrations  of  cloud-condensation  nuclei  (COT)  paralleled  those  of 
noncrustal  vanadium  and  nonmarine  sulfate,  two  indicators  of  pollution 
aerosol.  Condensation  nuclei  (CN)  did  not  parallel  COT,  however.  This 
suggests  that  COT  over  Iceland,  but  not  CN,  are  derived  from  large-scale 
air  pollution.  During  the  first  days  of  sampling,  air  came  from  North 
America.  There  may  have  been  weak  transport  from  North  America,  but 
this  is  still  uncertain.  During  the  middle  of  the  sampling  period,  air 
came  from  the  vicinity  of  Greenland  and  was  very  clean.  During  the  last 
part  of  the  period,  the  air  came  frcm  Europe,  approximately  3500  km  away, 
and  was  the  dirtiest  of  the  period:  there  was  visible  haze;  aerosol  in¬ 
creased  by  factors  of  5-10.  If  COT  can  thus  be  transported  3500  km  in 
summer,  they  probably  can  reach  the  Arctic  in  winter. 

6.  Radiative  effects  of  the  Arctic  aerosol  (UA,  URI) 


During  the  last  two  years,  GES  and  KAR  have  attempted  to 
evaluate  potential  direct  radiative  effects  of  the  Arctic  aerosol  on  the 
Arctic  atmosphere,  sponsored  in  part  by  a  one-year  grant  from  NSF.  A  two- 
year  grant  has  just  been  received  from  NSF  for  further  work. 

There  seems  to  be  little  doubt  that  the  Arctic  aerosol  heats  the 
local  atmosphere  rather  than  cools  it,  during  spring.  This  is  because 
of  the  great  absorbing  character  of  the  winter  Arctic  aerosol,  which  in 
turn  stems  from  its  high  concentration  of  black  carbon.  Concentrations 
of  black  carbon  in  the  Barrow  aerosol  of  March  are  estimated  to  be  0.3  yg 
m“3  (Rahn  and  Shaw,  1981),  many  times  higher  than  expected  for  such  a 
remote  area  and  even  several  times  higher  than  would  be  estimated  from 
the  concentrations  of  other  pollutants  at  Barrow.  One  thing  is  certain: 
it  is  not  a  local  effect. 

The  first  estimates  of  radiative  effects  appeared  in  Shaw  and  Stamnes 
(1980),  where  the  heating  rate  in  the  lowest  2  km  of  the  Arctic  atmosphere 
during  spring  was  estimated  at  roughly  1°C  per  day.  This  is  a  significantly 
large  heating  rate.  Using  updated  chemical  and  radiative  properties  of  the 
Arctic  aerosol,  Rahn  and  Shaw  (1981)  estimate  the  heating  rate  to  be  0.2 
to  1.0°C  per  day,  with  a  most  probable  value  near  0.5°C  per  day.  This  is 
still  a  significant  rate,  for  it  is  as  large  as  the  heating  rate  from  all 
trace  gases  in  the  Arctic  combined.  It  should  be  noted,  though,  that 
heating  rates  are  much  less  in  other  seasons,  when  the  sun  is  down  or  the 
aerosol  is  much  less  concentrated.  We  are  very  interested  in  the  poten¬ 
tially  important  heating  by  the  Arctic  aerosol,  and  continue  to  use  proper¬ 
ties  of  the  Arctic  aerosol  measured  under  this  Contract  as  input  for  radia¬ 
tive  calculations  (see  Section  I.B.ll  above). 

7.  Deposition  of  the  Arctic  aerosol  (URI) 

Although  studies  of  deposition  of  Arctic  aerosol  to  the 
Arctic  Ocean  and  surrounding  tundra  are  not  a  part  of  our  Arctic  Haze  Con¬ 
tract  per  se,  nor  are  they  likely  to  become  so  in  the  foreseeable  future, 
depositionTs  so  much  a  part  of  the  Arctic  environment,  and  is  potentially 
so  important  to  ecological,  oceanic,  and  radiative/ c limatic  concerns  of 
the  Arctic  that  we  must  mention  our  thoughts  here. 
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Deposition  of  aerosol  in  the  Arctic  is  presently  a  ,fery  confused 
topic.  Trace  elements  in  ice  and  snow  of  the  Greenland  Ice  Sheet  have 
been  studied  for  many  years  in  an  effort  to  obtain  a  historical  view  of 
contamination  in  the  atmosphere,  with  diverse  and  often  contradictory  re¬ 
sults.  The  state  of  the  art  is  illustrated  by  the  three-part  exchange  of 
letters  in  Nature .  10  April  1980.  There  seems  to  be  little  agreement  on 
which  data,  if  any,  from  the  Ice  Sheet  are  reliable,  and  how  the  reliable 
data  are  to  be  interpreted. 

The  situation  is  only  a  little  better  at  Barrow.  Here  at  least,  re¬ 
liable  data  on  the  aerosol  exist.  But  there  is  only  one  published  set 
of  data  for  snow  near  Barrow  (Weiss  et  al. ,  1978) ,  and  they  give  an  en¬ 
tirely  different,  natural  picture  of  the  Barrow  environment  than  does  the 
Barrow  aerosol  (Rahn  and  McCaffrey,  1979a;  Section  I.E.l  here).  For  the 
last  year  K.  Rahn  and  R.  McCaffrey  have  had  an  NSF  grant  to  study  possible 
aerosol-snow  fractionation  as  it  might  occur  in  the  Arctic.  The  problem 
has  not  yet  been  resolved,  however,  and  a  follow-up  grant  is  planned. 

Thanks  at  least  in  part  to  our  efforts,  the  polar-science  community 
now  recognizes  that  neither  the  relation  between  aerosol  and  snow  nor  the 
historical  interpetation  of  trace  elements  in  ice  cores  is  as  straightfor¬ 
ward  as  was  once  thought.  The  French  group  at  Grenoble  (C.  Boutron,  C. 
Lorius,  etc.)  has  grasped  these  facts  the  most  quickly,  and  is  spearheading 
a  French- American  effort  to  hold  a  workshop  on  the  relations  between  polar 
aerosol  and  snow,  to  be  held  in  Grenoble  in  May  1981.  KAR  is  organizing 
the  American  side.  We  anticipate  extremely  difficult  and  hard-hitting,  but 
valuable,  discussions  at  this  workshop. 

Achieving  a  basic  understanding  of  deposition  of  aerosol  in  the  Arctic 
is  complicated  by  at  least  three  major  factors:  (1)  The  small  amount  of 
precipitation — an  order  of  magnitude  less  than  in  midlatitudes;;  which  may 
make  the  relation  between  wet  and  dry  depositor  differ  from  that  of  mid¬ 
latitudes;  (2)  The  very  low  concentrations  of  aerosol — 1-2  orders  of  magni¬ 
tude  less  than  in  midlatitudes — which  makes  it  difficult  to  extrapolate 
depositional  behavior  from  midlatitudes;  and  (3)  The  out-of-phase,  order- 
of-magnitude  variations  of  aerosol  and  precipitation.  In  winter  and  spring, 
when  aerosol  is  the  most  abundant,  it  precipitates  at  least  in  the  Arctic. 

In  sunnier,  when  aerosol  is  the  least  abundant,  it  precipitates  the  most. 

For  these  reasons,  we  have  been  very  reluctant  to  estimate  the  amount  of 
deposition  into  the  Arctic.  A  recent  opportunity  was  provided,  however, 
by  the  Marx*  1980  London  Conference  on  the  Arctic  Ocean,  at  which  KAR 
presented  a  paper  on  the  Arctic  aerosol  and  its  possible  effects  on  the 
Arctic  Ocean  (Rahn,  1980).  Rough  estimates  of  annual  deposition  of  several 
trace  species  to  the  Arctic  Ocean  w,*re  made  here,  and  compared  to  annual 
inputs  of  these  same  trace  species  to  the  Arctic  Ocean  from  rivers  and 
from  the  influx  of  water  from  the  Atlantic  and  Pacific  Oceans.  These  esti¬ 
mates  were  refined  and  extended,  and  will  be  submitted  for  publication  in 
Atmospheric  Environment  (Rahn,  1981).  Briefly,  they  show  that  most  of 
the  aerosol  should  be  deposited  in  winter,  when  the  aerosol  is  most  con¬ 
centrated  ,  even  though  precipitation  is  least  then.  Because  this  winter 
aerosol  is  strongly  pollution-derived,  the  effects  of  air  pollution  in 
the  Arctic  should  be  felt  in  Arctic  snow,  although  to  a  lesser  degree 
than  in  the  aerosol  itself. 
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The  calculations  also  showed  that  the  atmosphere  should  be  the  domi¬ 
nant  source  of  at  least  Pb  to  the  Arctic  Ocean.  This  conclusion  was  made 
possible  by  very  recent  measurements  of  Pb  in  oceans  and  rivers,  which 
shew  the  true  concentrations  to  be  very  small  (Settle  and  Patterson,  19 80). 

In  rivers,  for  example,  the  concentrations  of  Pb  are  some  200  times  lower 
than  found  by  other  investigators.  One  wonders  how  many  other  elements 
are  like  Pb,  and  have  true  concentrations  in  various  waters  which  are  much 
lower  than  are  presently  recognized.  Such  elements  would  probably  also 
have  the  atmosphere  as  their  main  source  to  the  Arctic  Ocean. 

The  question  of  deposition  of  trace  elements  to  the  tundra  will  soon 
become  very  important.  Arctic  lichens,  the  prime  source  of  winter  food 
for  the  caribou  herds,  derive  their  water  and  nutrients  from  the  atmosphere. 
As  pollution  in  the  Arctic  atmosphere  increases,  with  attendant  increases 
in  acidity  and  various  trace  elements  which  can  be  toxic  at  hign  concen¬ 
trations,  such  as  Pb,  Cd,  As,  Sb,  Se,  etc.,  the  lichens  will  presumably 
absorb  increasing  amounts  of  these  species.  The  effect  of  this  is  com¬ 
pletely  unknown,  but  the  stakes  may  be  high  and  the  problem  should  be  in¬ 
vestigated.  Another  potential  concern  is  the  effect  of  acidity  on  the 
nitorgen- fixing  blue-green  algae  of  the  Arctic.  We  are  presently  in  con¬ 
tact  with  several  interested  individuals,  such  as  Edmund  Schofield  of  The 
Institute  of  Ecology  in  Indianapolis,  Wayne  C.  Hanson  of  Battelle  Pacific 
Northwest  Laboratories,  Richland,  Washington,  and  Miss  Marianne  Krasny,  a 
graduate  student  at  the  University  of  Washington,  who  wishes  to  do  a 
Master's  thesis  on  Arctic  lichens.  We  suspect  that  some  sort  of  project 
on  the  tundra  will  emerge  out  of  all  this. 

Deposition  of  pollution  aerosol  via  snow  may  have  radiative  or  cli¬ 
matic  consequences  as  well,  through  darkening  of  the  snow  by  the  sooty 
carbon  in  the  aerosol.  There  is  now  evidence  that  the  albedo  of  Arctic 
snow  is  a  few  percent  less  than  that  expected  for  pure  snow,  with  the  most 
reasonable  explanation  being  the  presence  of  sooty  carbon  taken  up  from 
the  aerosol  (S.G.  Warren  and  W.J.  Wiscombe,  NCAR,  in  two  articles  submitted 
to  J.  Atmos.  Sci. ) .  The  amount  of  carbon  needed  to  account  for  the  appar¬ 
ent  change  in  albedo  seems  to  be  consistent  with  amounts  predicted  by  sca¬ 
venging  from  Arctic  aerosol.  Black  carbon  has  never  been  directly  measured 
in  Arctic  snow;  H.  Rosen  of  Lawrence  Berkeley  Laboratory  is  very  interested 
in  this  problem,  and  will  try  to  confirm  the  predicted  concentrations  by 
direct  measurement  in  late  1980  or  early  1981.  This  question  of  carbon  in 
Arctic  snow  is  potentially  very  important,  because  this  carbon  is  exposed 
to  the  strong  solar  radiation  of  Arctic  summer,  when  atmospheric  carbon 
is  long  gone.  Thus,  radiative  effects  of  carbon  in  snow  are  much  longer- 
lasting  than  are  those  of  carbon  in  the  aerosol. 

8.  Bromine  in  the  Arctic  atmosphere  (URI) 

For  at  least  two  years  we  have  been  aware  of  very  high  con¬ 
centrations  of  Br  in  the  Barrow  aerosol  during  spring.  These  concentrations, 
typically  50-100  ng  nr 3  during  March  and  April,  are  far  too  high  to  be  ex¬ 
plained  by  sea  salt,  general  long-range  transport  of  aerosol  (even  including 
gas-to-particle  conversion  of  Br),  volcanism,  or  the  stratosphere.  They 
are  as  high  as  in  many  large  U.S.  cities,  like  Boston.  We  don't  have  any 
idea  where  all  this  Br  is  coming  from. 

The  problem  was  a  frustrating  curiosity  until  February  1980,  when  we 
learned  from  J.  Miller  of  NOAA/ARL  that  during  this  same  time  of  year, 
mid-February  through  mid-April,  surface  ozone  observed  at  the  Barrow  QCC 
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Observatory  behaves  very  erratically,  often  disappearing  for  days  at  a 
time.  NOAA/GMCC  presently  has  no  explanation  for  this;  we  wonder  whether 
high  concentrations  of  gaseous  Br  (presumably  associated  in  sane  way  with 
the  high  particulate  Br)  might  not  be  destroying  this  ozone  catalytically 
via  the  familiar  cycle: 

0^  +  Br  =  Og  +  BrO 
BrO  +  CO  =  Br  +  CC>2 
o3  +  CO  =  o2  +  co2 

Both  daily  and  monthly  mean  concentrations  of  0-  and  Br  are  negatively  cor¬ 
related  at  Barrow  during  spring.  If  Br  and  0,  actually  interact,  this 
would  be  an  extremely  interesting  topic  to  pursue. 

There  are  several  pieces  of  evidence  that  suggest  a  local  Arctic 
source  for  this  excess  Br  of  spring.  It  is  also  observed  at  Mould  Bay, 
both  in  the  aerosol  and  in  the  snow  (L.A.  Barrie,  personal  coranunication) , 
but  not  at  Bear  Island  and  in  much  smaller  concentrations  at  Spitsbergen. 

At  Barrow  it  is  associated  with  cold  air,  both  monthly  and  daily.  It  is 
not  associated  with  V,  i.e. ,  is  not  from  long-range  transport. 

The  only  reservoir  of  Br  in  the  Arctic  capable  of  producing  such  high 
concentrations  in  the  atmosphere  seems  to  be  the  sea.  We  are  presently 
hypothesizing  that  Br  may  be  released  to  the  atmosphere  during  spring  by 
ice  flowers,  efflorescent  crystals  of  sea  salt  and  water  that  grow  from 
rapidly  refrozen  leads  during  nights  when  the  surface  temperature  dips 
below  -24 °C,  the  precipitation  point  of  NaCl  from  seawater.  Ice  flowers 
occur  primarily  during  February,  March  and  April  (N.  Untersteiner,  person¬ 
al  communication),  i.e.,  just  the  months  when  atmospheric  Br  is  the  most 
concentrated.  Our  calculations  indicate  that  ice  flowers  contain  great 
excesses  of  Br  relative  to  what  is  needed  to  produce  even  these  high  atmo¬ 
spheric  concentrations.  The  Br  could  be  released  photochemically  from 
the  needles  of  the  ice  flowers,  as  it  appears  to  be  lost  from  marine 
aerosol. 

During  spring  1980  Mr.  R.D.  Borys  grew  some  ice  flowers  for  us  during 
his  field  work  at  Barrow.  We  analyzed  three  samples:  fresh  flowers  grown 
overnight  and  harvested  before  they  were  struck  by  the  sun's  rays,  flowers 
after  4-5  hours  exposure  to  the  sun,  and  flowers  after  12  hours  exposure. 

We  found  abundant  Br  in  all  three  samples,  in  seawater  proportions  with  Na. 
As  a  result,  ice  flowers  can  now  be  regarded  as  a  potential  source  of  Br. 
There  was,  however,  no  measurable  loss  of  Br  (within  10%)  after  12  hours 
irradiation.  This  may  not  necessarily  negate  our  hypothesis,  however,  for 
only  a  small  loss  of  Br  is  sufficient  to  create  high  Br  in  the  atmosphere. 

At  present  we  are  not  sure  of  where  we  stand.  We  realize  that  the 
ice-flower  hypothesis  is  esoteric,  and  very  possibly  completely  wrong. 

But  it  is  our  only  reasonable  explanation  so  far  for  an  Arctic  environ¬ 
mental  occurence  that  is  so  bizarre  that  it  will  surely  yield  big  divi¬ 
dends  to  whomever  can  look  into  it.  During  the  next  three  years  we  would 
like  to  follow  up  these  initial  studies  if  manpower  is  available. 
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9.  Trace  elements  in  size-fractionated  desert  soils  (Mainz,  URI) 

This  study,  undertaken  with  Dr.  L.  Schtltz  in  1977,  was  moti¬ 
vated  by  our  finding  of  Asian  desert  dust  over  Alaska  in  1976.  Its  ultimate 
goal  is  to  determine  whether  aerosol  from  various  deserts  can  be  discrimi¬ 
nated  chemically  through  tracer  elements.  In  order  to  check  this,  a  more 
fundamental  study  of  elemental  composition  vs.  particle  size  was  necessary, 
for  a  variety  of  soils  from  deserts  and  other  locations.  The  basic  results 
which  are  coming  out  of  this  study  are  the  following: 

(a)  Elemental  concentrations  are  nearly  constant  with  size  in  agri¬ 
cultural,  or  fresh  soils  (Cotton  Tower  Field;  fallow  land  of  the  Sudan). 

In  other,  older  soils,  there  is  an  increase  of  elemental  concentrations 
towards  smaller  particle  sizes.  The  magnitude  of  this  effect  increases 
with  degree  of  weathering. 

(b)  Many  elements  have  the  same  basic  pattern,  with  low  concentra¬ 
tions  above  radius  60  pm,  increasing  concentrations  from  60  to  20  pm,  then 

a  broad  plateau  of  concentration  for  smaller  radii.  This  means  that  elemen¬ 
tal  compositions,  hence  enrichment  factors,  are  nearly  constant  over  the 
aerosol  size  range.  Thus  crustal  reference  materials  used  for  enrichment- 
factor  calculations  need  not  be  size-dependent,  to  a  first  approximation. 

(c)  The  diluent  in  the  large  sizes  is  SiO^.  Hence  the  concentration 

of  Si  increases  with  size.  " 

(d)  A  few  elements  like  Na,  K  and  Ca  are  present  in  minerals  of  all 
size  ranges,  hence  are  quasi-uniformly  distributed  with  particle  size. 

(e)  A  few  puzzling  elements  like  Zr,  Hf  and  to  a  lesser  extent  the 
rare  earths,  have  a  maximum  in  concentration  and  enrichment  factor  in  the 
middle  of  the  size  range.  We  hypothesize  that  these  elements  are  found  in 
resistive  minerals  of  small  grain  size  in  the  original  rock,  and  are  basi¬ 
cally  unchanged  by  weathering.  They  thus  accumulate  during  weathering, 
and  can  reach  extremely  high  concentrations  in  certain  highly  weathered 
soils. 

(f)  Soils  from  different  deserts  are  suprisingly  similar  in  compo¬ 
sition,  especially  in  the  aerosol  size  range.  Because  of  this,  it  seems 
unlikely  that  tracer  elements  for  aerosol  from  individual  deserts  will 
be  found. 

(g)  The  other  side  of  the  ooin  is  that  this  homogeneity  supports 
the  use  of  a  single  crustal  reference  material  for  aerosols  from  different 
sources,  at  least  from  different  deserts. 

(h)  This  work  confirms  the  use  of  Mason's  (1966)  rock  as  a  crustal 
reference  material  (Rahn,  1976). 

To  supply  additional  detail  on  the  above  points,  we  include  as  the 
next  few  pages  a  set  of  notes  made  by  KAR  of  discussions  with  Dr.  SchUtz 
in  Mainz  during  March  1980.  These  were  meant  for  internal  use  only,  hence 
are  a  bit  rough,  but  may  be  of  some  use  here. 
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Outline  of  main  results  of  L.  Schtltz  soil  analysis. 


Evidence  of  elemental  fingerprints  for  concentration,  relative  mass 
distribution  and  enrichment  factors. 

A.  There  is  a  great  deal  of  redundancy  in  the  elemental  measurements. 

The  same  fingerprint  was  found  for  most  elements  (calcium  was  an 
exception. 

B.  Cause: 

(1)  Seems  to  be  related  in  a  gross  way  to  the  mass  distribution 
(at  least  for  relative  elemental  mass). 

(2)  Seans  to  be  caused  to  a  certain  extent  by  physical  and  chemical 
weathering. 

•  There  is  usually  an  increase  of  elemental  concentration  towards  smaller 

particle  sizes. 

•  The  magnitude  of  this  increase  (or  slope  of  the  plot  of  relative 

concentration)  seems  to  be  related  to  the  extent  of  weathering. 

•  It  is  greatest  in  dune- like  (desert-like)  soils,  (S-12,  S-24,  S-29, 

S-33) ■ 

It  is  smallest,  and  nearly  flat,  in  the  garden  soils  (CTF-7,  fallow 
land). 

•  There  are  intermediate  cases  which  seem  to  correspond  to  soils  where 

there  is  presently  active  weathering  and  physical  removal  of 
particles  (Texas,  Anthony,  Harmada,  S-2,  S-10,  S-39,  Rock  desert). 

There  are  more  recent  additional  soil  samples  as  part  of  Gull lame* s 
thesis,  such  as  from  the  Sudan,  from  the  Bilma  area  of  Niger 
(which  is  supposed  to  be  one  of  the  most  active  areas  of  dust 
storms  in  the  Sahara),  river  floodlands  (Niger,  Senegal). 

Mass  distributions  of  new  soils  appear  to  fit  well  into  the  above 
picture.  Specifically,  the  floodlands  appear  to  be  fresh  soils 
like  CTF.  Soils  from  Bilma  appear  to  be  intermediate  in  charac¬ 
ter,  approaching  characteristics  of  dunes.  They  come  from  areas 
near  mountains  where  mountain  debris  is  collected  on  high  plat¬ 
eaus,  where  there  are  no  rivers.  The  soils  close  to  Toumboucto 
and  Mali  are  very  aged  in  character,  they  come  from  small  dunes 
with  very  coarse  mass  distributions. 

•  Lothar  believes  that  river  beds  are  very  important  sources  of  desert 

aerosol.  These  beds  are  typically  covered  by  water  only  once 
a  year.  This  reminds  us  of  Yaalon's  wadis  iany  people  believe 
that  the  Erg  of  Bilma  is  a  big  source  of  desert  dust,  but  Lothar 
does  not  believe  this.  Instead,  the  aerosol  appears  to  cane 
actively  from  the  mountain  areas  north  and  northwest  of  Bilma 
and  the  Tibesti  mountains. 

The  increase  of  concentration  of  elements  with  decreasing  radius 
could  also  be  explained  by  an  increasing  number  of  mineral 
species  in  the  smaller  size  range.  The  largest  soil  particles 
have  relatively  few  mineral  species  such  as  silica,  dolomite, 
calcite,  etc.;  the  smaller  particles  have  a  larger  variety  of 
species  such  as  clays. 


•  The  size  range  where  the  strongest  increase  in  concentration  in 

most  elements  is  found  is  roughly  r =20-60um.  There  is  a  broad 
plateau  of  concentrations  for  radii  less  than  about  30ym. 

•  We  have  expressed  our  results  in  three  types  of  plots:  (a)  concen¬ 

trations  (ppm)  vs.  radius,  (b)  relative  concentrations  vs. 
radius,  where  the  relative  concentration  is  nr (r)  x  ppm  (the 
form  of  the  plot  of  relative  concentration  is  determined  mainly 
by  the  mass  distribution  of  the  soil),  (c)  enrichment  factor 
vs.  radius. 

3.  Possible  explanation  of  the  enrichment  factor  plots. 


These  elements  have  a  mass  distribution  different  from  the  others  in  that 
they  have  a  puzzling  peak  in  the  middle  of  the  size  spectrum.  This  peak  can 
be  very  large  in  certain  highly  weathered  soils.  The  elemental  mass  usually 
peaks  at  radii  20-50/en.  Hie  enrichment  factor  also  peaks  here,  presumably  because 
the  distribution  of  A1  is  different  from  those  of  these  elements.  Lothar  proposes 
that  these  elements  occur  in  specific  minerals  which  strongly  resist  weathering. 

An  example  would  be  zircons,  which  contain  zirconium  and  hafnium.  If  this  is 
correct,  and  if  the  minerals  have  a  relatively  small  grain  size,  the  lower  side 
of  the  peaks  in  this  plot  represent  the  upper  limits  of  removal  of  particles 
from  the  soil  by  water  and  air,  as  shown  in  the  plot  above.  According  to  this 
picture  the  resistive  minerals,  being  of  small  abundance  in  the  original  rock, 
have  small  grain  sizes.  During  weathering  these  grains,  because  they  are  more 
resistant  than  the  rock  around  them,  are  released  as  individual  particles  with 
a  certain  size  distribution,  with  a  peak  at  20-59*m.  Weathering  of  the  bulk 
rock  leaves  these  tiny  grains  basically  unaffected.  They  can  only  be  removed 
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ges  of  elements,  (a)  Very  resistant,  major-Si;  (b)  Very  resistant,  minor-Zr,Hf; 
ic)  Weatherable,  leachable  -  Na,  K;  (d)  Weatherable,  clay- forming  (less  soluble )- 
Al;  (e)  The  more  weatherable,  not  so  soluble  elements  tend  to  be  found  in  clays. 


(1)  Weatherable,  leachable  elements. 

(2)  Unchanged  by  weathering 

(3)  More  soluble  than  Al,  but  strongly  participating  in  clays 


WEATHERING  &  EROSION 


4.  Interest  to  the  Navy. 


A.  Desert  aerosols  are  found  in  atmospheres  all  over  the  world  including 
those  over  oceans  and  those  over  the  Arctic.  The  amount  of  aerosol  released 
annually  from  deserts  has  been  traditionally  underestimated.  For  example  the 
SMIC  report  assigned  a  source  strength  of  5  x  10°  tons  aerosol  per  year  to  the 
world's  deserts,  whereas  Lothar  Schtttz ,  in  the  New  York  Conference,  proposed 
1,000  -  3,000  x  10°  tons  as  a  better  figure,  and  this  was  only  for  the  fraction 
of  desert  aerosol  which  was  transported  over  long  distances.  Since  the  NY 
conference  in  1979  there  has  been  another  upward  revision:  Lothar  estimated 

3  x  lCrtons  of  Saharan  dust  transported  annually  from  the  Sahara  eastward  toward 
the  Caucasus;  the  proper  figure  now  seems  to  be  20-30  x  10-  tons  per  year. 

This  desert  dust  has  a  variety  of  potential  effects  in  the  atmosphere.  It 
is  an  absorbing  aerosol  and  so  heats  the  layer  of  air  in  which  it  is  found.  This 
can  affect  not  only  temperatures  but  stability  structure  within  the  atmosphere. 
Desert  aerosol,  even  though  quite  large  in  size,  is  so  abundant  in  the  atmosphere 
that  it  makes  the  atmosphere  quite  turbid.  Lastly,  desert  aerosol,  through  its 
nucleational  properties,  may  effect  cloudiness  and  precipitation  over  large 
regions  of  the  world. 

B.  Potential  use  of  desert  aerosol  as  a  tracer  of  individual  deserts. 

One  major  surprise  in  this  work  was  that  desert  soils,  even  those 
from  different  deserts,  were  surprisingly  similar  in  composition,  especially 
for  particles  smaller  than  6Q*m  radius.  A  good  example  of  this  is  seen  in  the 
plot  for  Hf.  Consequently^,  major  variations  in  bulk  desert  soils  do  not  neces¬ 
sarily  imply  that  aerosols  produced  from  these  soils  are  correspondingly  different 
in  composition.  As  a  result  of  this  we  can  draw  several  conclusions. 

(1)  There  seems  to  be  only  little  hope  of  using  the  chemical  composition 
of  desert  dust,  especially  of  the  fraction  which  is  transported  over  long 
distances,  to  discriminate  between  deserts.  This  conclusion  has  been  derived 
from  analyzing  6  soils  from  the  Libyan  Sahara,  2  soils  from  North  American 
deserts  and  2  cultivated  Sudan  soils.  Even  though  this  sample  set  is  not 
particularly  large,  the  correspondence  between  the  aerosol-size  fractions 

of  these  soils  is  great  enough  to  suggest  to  us  that  analysis  of  further 
soils  is  not  likely  to  change  this  conclusion.  Of  course,  this  conclusion 
has  been  based  only  on  those  elements  which  we  have  been  able  to  analyze 
so  far.  It  is  possible  that  exotic  enriched  trace  elements  for  this  would 
include  gold,  silver,  antimony,  etc.  These  elements  are  most  abundant  in 
the  smallest  particle  sizes.  Future  investigations  aimed  at  deduction 
of  sources  should  concentrate  on  enriched  elements  like  these.  There  is 
a  problem  here,  however:  these  elements  are  enriched  in  the  fine  fraction 
of  the  aerosol  by  other  atmospheric  processes.  Because  of  this,  these 
elements  may  not  necessarily  be  uniquely  attributable  to  deserts,  even  in 
areas  of  concentrated  desert  dust. 

(2)  The  concept  of  a  single  crustal  reference  material  for  the 
atmosphere  and  aerosol  is  strengthened  by  the  homogeneity  £>r  this  size  range 
in  desert  soils.  We  need  to  look  further  for  the  basic  explanations  of 
this  homogeneity.  Lothar  ii  .ends  to  follow  this  up.  There  may  well  be 
exceptions  to  this  homogeneity,  however,  especially  in  regions  close 

to  single  major  sources  of  desert  dust. 
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(3)  Mean  enrichment  factors  of  Sahara  soils  versus  those  of  Mason's 
crustal  rock.  Which  features  of  the* compilation  does  this  work  seem  to 
explain?  Much  of  this  information  is  contained  in  Lothar's  big  table  of 
mean  enrichment  factors. 

.  (to  be  developed) 


Note  from  this  table  that  both  the  bulk  soils  and  the  fraction  of  radius 
less  than  lfyan  have  about  the  same  concentrations  when  all  samples  are 
grouped  together  as  when  only  the  Sahara  samples  are  considered.  Lothar 
will  send  another  big  table  in  which  he  will  calculate  mean  enrichment 
factors  and  compare  them  with  those  in  the  compilation. 

(4)  The  future. 

(a)  One  of  the  principal  uses  of  this  huge  data  set  will  be 

to  refine  and  streamline  future  analysis  of  desert  soils,  by  eliminating 
redundant  or  uninteresting  elements. 

(b)  Most  future  work  will  take  place  at  Ins ti tut  fUr  Meteor- 
ologie,  not  at  UR1. 

(c)  It  is  planned  to  analyze  more  soils  from  various  deserts. 
Analysis  will  probably  be  restricted  to  two  size  ranges,  O-lC^m  and 
the  bulk.  They  will  be  analyzed  chemically,  possibly  by  X-ray  fluor¬ 
escence.  One  goal  is  to  get  a  reliable  average  concentration  for 
Saharan  soils.  A  second  goal  is  to  see  stability  (?)  of  ranges  of 
elemental  enrichment  factors.  Lastly,  fewer  samples  will  be  used 
from  the  other  deserts.  Other  deserts  to  be  investigated  include 
those  in  Australia  and  China. 

5.  New  global  reference  material? 

Most  elemental  concentrations  in  the  bulk  soils  are  close  to  those  in  Mason's 
rock  data.  They  are  however,  quite  variable  from  sample  to  sample,  with  standard 
deviations  up  to  or  exceeding  a  factor  of  10.  For  the  r<l6pm,  the  concentrations 
are  closer  to  those  of  Mason  and  have  a  smaller  standard  deviation  from  soil  to 
soil,  more  like  a  factor  of  3*  Concentrations  in  the  r<l6um  range  are  generally 
greater  than  those  for  the  bulk  soils.  Elements  which  deviate  most  strongly  from 
Mason’s  data  are  Si  (2-2.5  x  low),  Ca,  K  (a  bit  low),  Na  (5x  lower),  Ti  (2x  higher; 
artifact  of  including  radius  10-l6vim  in  the  calculations),  Mn  (70%  of  Mason's), 

Sr  (4x  low),  and  Zr  (  ?  ).  Elements  systematically  higher  than  Mason  include 
Ag  (30x),  Au  (15x)  and  Sb  (4x).  It  should  be  noted  that: 

A.  These  deviations  will  vary  from  aerosol  to  aerosol  depending  on  the 
proportion  of  large  particles  in  the  aerosol.  For  fresh  desert  aerosol  the  proper 
reference  material  should  go  up  to  radius  20ym,  for  aged  continental  or  desert 
aerosol  the  reference  material  need  only  extend  to  radius  5ym. 

B.  The  data  generated  in  this  project  represent  strongly  weathered  soils 
rather  than  weakly  weathered  soils. 

C.  In  general  this  work  confirms  the  use  of  Mason's  rock  as  crustal  refer¬ 
ence  material.  It  supports  the  basic  underpinings  of  the  compilation.  In  other 
words,  we  were  very  lucky  in  the  past. 
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6.  Miscellaneous  remarks. 

A.  The  wet-dry  test.  There  appeared  to  be  minor  dissolution  of  elements, 
on  the  order  of  20-30%.  Curiously,  this  effect  seemed  to  be  independent  of 

the  element.  The  reason  for  this  is  not  yet  known.  This  dissolution  does  not 
affect  any  of  the  basic  conclusions  from  the  work. 

B.  Silicon/ A1  ratio.  This  ratio  decreases  to  values  of  approximately 
1-2  for  radii  less  than  ltym.  This  ratio  is  in  basic  agreement  with  that  found 
for  remote  aerosols. 


C.  The  enrichment  factors  of  some  elements  tend  to  increase  with  the 
amount  of  mass  in  the  small  size  range  of  the  soil  (radius  less  than  l§*m) , 
so  that  the  greater  weathering  is  higher  enrichment  factors.  See  plot  below. 


fractionation  is  primarily  one  of  selection  of  certain  radii  when  aerosol  is 
generated  from  the  soil. 

E.  Comparison  of  fallout  with  parent  soil  (S-39  vs.  S-2).  The  major 
results  from  this  study  was  that  there  seemed  to  be  no  fractionation  within  a 
given  size  range.  High  concentrations  of  antimony  in  the  fallout  seem  to  be 
contamination  from  the  paint  of  the  ping-pong  table  rather  than  positive  aerosol- 
soil  fractionation. 


10.  Particle-size  distribution  of  the  Arctic  aerosol  (UA) 


The  particle-size  distribution  of  an  aerosol  is  one  of  its 
most  basic  physical  properties,  yet  this  has  never  been  directly  measured 
for  the  Arctic  aerosol.  An  indirect  estimate  of  the  size  distribution  can 
cone  from  the  inversion  of  various  optical  properties  of  the  aerosol  that 
G.  Shaw  measures  (Shaw,  1979;  Section  I.E.3  here).  Preliminary  results 
for  4-5  test  periods  in  Fairbanks  suggest  that  the  size  distribution  there 
is  approximately  log-normal,  with  the  maximum  particle  concentration  at 
radius  roughly  0.1  urn.  The  total  columnar  aerosol  mass,  derived  from  the 
columnar  size  distribution,  is  10"6  to  ICr7  g  cm"7. 

11.  Climatology  of  Arctic  haze  (UA) 

Study  of  the  climatology  of  Arctic  haze,  the  Ph.D.  thesis 
of  Mr.  W.E.  Raatz  at  the  University  of  Alaska,  has  already  yielded  results 
in  two  of  its  three  areas  (see  Section  I.B.13  above  for  an  outline  of  his 
thesis).  A  historical  study  of  cloudiness  in  the  Arctic  since  1920  has 
shown  that  cloudiness  there  has  remained  generally  unchanged  since  1920, 
except  for  a  slight  increase  in  Alaska  in  the  early  1940' s.  From  this  he 
has  concluded  that  pollution  aerosol  in  the  Arctic,  which  has  presumably 
increased  greatly  since  1920,  does  not  affect  the  overall  cloudiness. 

(It  may  well  affect  the  microstructure  and  radiative  properties  of  the 
clouds,  however;  the  Ph.D  thesis  of  R.D.  Borys  may  deal  with  this  topic.) 

Mr.  Raatz  has  begun  the  second  phase  of  his  thesis,  a  climatological 
study  of  the  weather  observations  from  the  Ptarmigan  reconnaissance  flights 
of  1949  through  1967.  Record  sheets  from  these  flights  were  obtained  on 
four  reels  of  microfilm  during  the  last  contract  period  from  the  National 
Climate  Center  in  Asheville,  NC.  Mr.  Raatz  has  examined  the  records  for 
reports  of  haze,  with  some  surprising  and  discouraging  results.  From  1949 
through  1961  there  were  3274  Ptarmigan  flights;  in  the  late  1950' s  they 
operated  almost  daily  (see  Table  2).  There  were  three  different  forms 
used  to  record  the  observations,  in  five  periods  between  January  1949  and 
December  1967.  After  July  2963  the  forms  used  did  not  have  a  place  for 
visibility,  so  visibility  records  are  only  available  from  January  1949 
through  June  1963.  Haze  was  reported  from  1949  through  the  mid-1950's,  in 
a  total  of  114  flights  (see  Table  3).  After  this,  haze  was  not  reported 
any  more,  even  though  the  corps  of  observers  remained  about  the  same.  The 
reason  for  this  is  not  known.  Thus,  there  are  basically  only  seven  years 
of  haze  observations  available  from  the  Ptarmigan  flights.  These  years, 
though,  are  enough  to  establish  a  clear  maximum  in  March-May  (Table  3)  with 
a  nearly  constant  "background”  during  the  other  nine  months.  This  spring 
maximum  agrees  well  with  the  March-April  maximum  of  aerosol  at  the  surface 
in  Barrow  (as  seen  for  SOjj  and  V,  for  example),  and  with  an  apparent  April 
maximum  of  turbidity  at  Barrow.  The  question  of  possible  winter  haze  is 
left  unanswered  by  the  Ptarmigan  observations,  however.  We  believe  that 
there  must  be  frequent  winter  haze  in  the  Arctic,  which  cannot  be  observed 
visually.  The  Ptarmigan  data  do  not  support  this  idea  unless  a  correction 
for  poor  winter  lighting  is  applied. 

No  results  are  yet  available  from  the  third  phase  of  Mr.  Raatz 's 
thesis,  the  statistical  evaluation  of  chemical  data  from  the  Arctic  Air- 
Sampling  Network.  The  5-day  means  are  calculated;  first  statistical  re¬ 
sults  should  be  ready  soon.  UA  has  recently  begun  to  receive  hemispheric 
meteorological  maps  from  the  German  Weather  Service,  to  aid  in  correlating 
patterns  of  Arctic  haze  with  synoptic  configurations  in  the  Arctic. 


Table  2.  Number  of  Ptarmigan  Weather  Reconnaissance  Flights 
per  month  for  the  period  1949-1961. 


Table  3.  Number  of  Ptarmigan  Weather  Reconnaissance  Flights  per  month  when  haze  was  reported 
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solatim  to  Ike  cqoalioaa  of  transfer  lint  accounted  for  high-order  scattering  and  for  The  numerical  implementation  is  accomplished  by  using  algebraic  eigenvalue 

Ike  reflection  of  light  from  ike  surface  ice  and  snow.  The  reported  solutions  apply  only  routines.  The  program  is  rapid  and  reliable, 

to  vhiMe-hend  radiation;  the  effects  of  arctic  haze  on  infrared  heal  balance  will  later 
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During  a  study  of  cloud -condensation  nuclei  (CCN),  condensation 
nuclei  (CM)  and  various  chemical  constituents  of  the  aerosol  at  Irafoss, 
Iceland,  an  episode  of  long-range  transport  of  CCN  and  pollution  aerosol 
frco  Eurasia  was  observed.  This  air  was  enriched  in  CCN  by  factors  of 


University  of  Rhode  Island,  Kingston,  I 
6  -  8  May  1980 

prepared  for  submission  to  Atmospheric  Envii 
Fourth  Draft  -  30  July  I960 


t 


t  different  sides  of  the  Arctic  was  aeren-  Sampling  and  analysis 


case  study  of  long-range  transport.  Results  from  other  sites  and  other  volume  filters.  A  series  of  elements  (Ha,  Mg,  Cl,  Br,  I,  Al,  Ti,  1 

seasons  will  be  reported  as  they  become  available.  etc. )  was  determined  by  nondestructive  neutron  activation;  sulfate 

determined  by  a  modified  version  of  the  turbldimelric  technique  of 


la*  enough  ao  that  they  alone  oould  not  be  used  to  discriminate  between  These  high  rta/V  ratios  are  almost  certainly  a  seasonal  effect  re- 

tropospherlc  and  North  American  pollution  sources.  The  Icelandic  crustal  lated  to  high  ratios  at  the  source  in  sunner.  Rahn  (1981b)  1ms  noted 

aerosol  could  not  — the  much  stronger  transport  from  Eurasia,  however.  that  the  (h/V  ratios  of  New  York  City  and  central  Europe  are  3~8  times 


Increased  in  parallel  with  the  pollution-derived  fraction  or  the  aerosol 
particularly  with  the  SO^,  and  nay  be  Identified  In  large  measure  with 
it.  Thus,  the  (XM  concentration  in  remote  regions  may  prove  to  be  a 
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Table  1.  Concentrations  (ng  a~3)  and  ratios  of  Al,  fti  and  V  in  the  Icelandic 
— rogol  of  August  1979.  All  uncertainties  1 a. 


Dates 

- n — 

- FE7JC r~“ 

- 7 - 

- 7753 - 

Noncrustal 

Noncruatal 

Noncrustal  Mn 

Sample 

(Aug. 1979) 

(xlO-3) 

(xlO"3) 

*1 

V 

Norvcrustal  ' V 

1 

17-18 

346*20 

8.37+0.60 

24.2*2.2 

1.22*0.09 

3.53*0.33 

<0.9 

<0.13 

— 

2 

18-19 

97*8 

2.68*0.20 

27.6+3.1 

0.338^3.030 

3.48*0.42 

0.47*0.28 

<0.05 

— 

3 

19-20 

38*5 

0.81*0.15 

a. 2*4.8 

0.145*0.020 

3.89*0.73 

<0.2 

<0.03 

— 

4 

20-21 

168*10 

3.96^3.30 

23-6*2.3 

0.642*0.060 

3.82*0.42 

<0.5 

<0.08 

_ 

5 

21-22 

155*10 

3.09*0.20 

19.9*1.8 

0.524*0.050 

3.38+0.39 

<0.4 

<0.07 

— 

6 

22-23 

807*50 

16.7+1.0 

20.7+1.8 

3.02*0.20 

3.74^3.34 

<1.7 

<0.30 

— 

7 

23-24 

752*40 

22.2+1.4 

29.5*2.4 

3-95*0.30 

5.25^0.49 

5.05*1.80 

i.a*o.35 

4. 2+1. 9 

3 

24-25 

126*9 

3.02*0.20 

24.0*2.3 

0.744*0.060 

5.90*0.64 

<0.4 

0.28*0.07 

<1.5 

9 

25-26 

1196*60 

26.6*1.5 

22.2*1.7 

4.83*0.30 

4.04*0.32 

<2.3 

0.46*0.42 

<4.3 

Mean  of  1-6,  8-9 

22.8*2.5 

Mean  of  1-6 

3. 64*0. a 

Mean  Icelandic  rock 
(C.X.‘  unnl,  Pens.  dam. ) 

19.6 

4.25 

Mean  crustal  rock 
(Mason.  19557  “ 

11.7 

1.66 

Mean  Soli 

11.9 

1.40 

(Vinogradov, 

1959) 

Tabla  2.  SO^/V  ratios  in  Icelandic  aerosol  of  August  iq7Q. 


Sanple 

PatM 

August  1979 

Uoixoarins 

SOjj,  ng  a"3 

Noncrustal 

V,  ng  a*3 

SOjj/V  (x  103) 

1 

17-18 

184*33 

<0.13 

>1.42 

2 

15-19 

40+12 

<0.05 

>0.80 

3 

19-20 

250*30 

<0.03 

>8.33 

4 

20-21 

212*17 

<0.08 

>2.65 

| 

21-22 

157*13 

<0.07 

>2.24 

1 

22-23 

500*37 

<0.30 

>1.67 

7 

23-24 

1343*106 

l.a+0.35 

1.11*0.33 

8 

24-25 

636*51 

0.28*0.07 

2.27*0.60 

9 

25-26 

999*68 

0.45+Q.U2 

2.08*1^83 

L. 


Table  3.  Regression  analysis  for  era. 


Semple 

CCH  (cm" 

3)  at  0.2*  SS 

Actual 

sc;* 

background 

S0£  ♦  A1  * 
background 

■  sc;;  *  Na  * 

background 

S0^  *  QJ  * 
background 

so;  *  I  * 
background 

1 

86 

80 

83 

76 

85 

39 

2 

92 

65 

65 

61 

65 

75 

3 

76 

37 

84 

87 

92 

86 

4 

33 

83 

82 

85 

80 

81 

5 

74 

78 

77 

78 

75 

71 

6 

116 

114 

120 

120 

111 

105 

T 

178 

202 

198 

192 

203 

202 

8 

160 

128 

121 

129 

127 

121 

9 

189 

166 

173 

177 

166 

176 

r2 

— 

0.75 

0.76 

0.77 

0.76 

0.77 

Table  4.  Regression  coefficients  and  relative  mean  contributions 
of  several  possible  contributors  to  the  CCS  over  Iceland! 


Component  of  CQ1 


Mean  values 


Regression  coefficients 


Relative  mean  contribution 
to  CCK.  % 


Sonmarine  SOj; 

(secondary  nonmarine) 

480  ng  a-3 

0.105 

0.094 

0.121 

0.105 

0.065 

45 

40 

52 

45 

28 

Al(crust) 

409  ng  a-3 

— 

0.017 

— 

— 

— 

6 

— 

— 

Moncrvstal  Na 
(primary  marine) 

412  ng  a-3 

— 

— 

-0.017 

— 

— 

— 

— 

-6 

— 

—  1 

CTJ  (local  contam. ) 

730  cm'3 

— 

— 

— 

0.0054 

— 

— 

— 

— 

4 

j 

I  (secondary  marine) 

1.06  ng  m'3 

— 

— 

— 

— 

36.17 

— 

— 

— 

— 

34 

Background 

— 

61.1 

59.8 

60.2 

57.1 

41.9 

55 

53 

54 

51 

38 

era 

112  os'3 

_ 

— 

— 

_ 

_ 

_ 

— 

— 

■90- 


«t  present  we  do  not  know  with  certainty  why  these  two  aerosols  Does  this  naan  that  aerosol  of  the  Norwegian  Arctic  Is  derived  In 
should  have  such  different  1WV  ratios,  (kie  reason  aay  be  the  relatively  roughly  e<tual  proportions  from  North  America  and  Eurasia,  and  that  aero 
great  reliance  on  oil  as  an  energy  source  in  the  United  States  compared  to  sol  of  the  North  American  Arctic  comes  mainly  from  Eurasia?  He  think  U 
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Tabl*  1.  Concentrations  of  >7i.  V  and  Al  in  North  Acer!  car. ,  Ei 


ampla 

veto*? 

Location 

Type  of  sMple, 
dates,  ete.  Reference 

Total  its 

■*TZ5g' 

Iggyyi 

1  concc 

“ir- 

F1 

Noncrustal 

1 

Buffalo,  NT 

Filter  sasples  from  Pillay  and  Thecas 

4  sites  (1971) 

220 

300 

2200 

19U 

796 

2 

Liig*,  Belgian 

Stnmed  stages  of  Rahn  21  al.  (1972) 

cascade  impaotor, 

April-Way  1972 

92 

21-3 

1550 

74 

18.7 

3 

Paris 

Average  of  3  24-h  3elot  et  al .  (1971)  82.5 

samples  at  5  loca¬ 
tions,  November  A 

December  1970 

42.7 

902 

72 

41.2 

4 

Boston,  Mass. 

Filter  samples,  Zoller  A  Gordon 

spring  1969  (1970) 

20 

600 

700 

12 

599 

5 

Wraymlres,  OK 

Average  of  eontin-  Cawse  (1974) 
uous  filter  samples r 

1972-73 

12.8 

7.05 

148 

11.1 

6.8 

6 

Jungfraujoch, 

Switzerland 

Average  of  eontin-  Dams  A  DeJonge 
uous  niter  samples,  (1976)  . 

10  November  1973- 
10  March  1975 

1.5 

0.29 

51 

0.90 

0.21 

7 

Skoganvarre, 

Norway 

Average  of  eontin-  Rahn  (1976) 
uous  filter  samples, 

November  1971  - 
May  1972 

2.53 

1.70 

43-3 

2.02 

1.63 

3 

Chilton,  OK 

Average  of  eontin-  Cawse  (1974) 
uous  niter  samples, 

1972-73 

24.5 

17.2 

325 

20.7 

16.7 

9 

Plynlincn,  OK 

Average  of  eontin-  Cause  (1974) 
uous  filter  samples, 

1972-73 

11.52 

5.33 

150 

9.77 

5.1 

:c 

Sant,  Belgium 

Average  of  several  Heindryckx  A  Cams 
24-h  fUter  samples  (1973) 

142 

48 

1140 

129 

46.1 

u 

Washington,  OC 

Average  of  weekly  Henry  A  Blosser 

niter  samples,  (1971) 

July-November  1970 

50 

100 

3000 

15 

95 

12 

Philadelphia, 

PA 

Average  of  2-3  Henry  A  Blosser 

weeks'  filter  aoplas,  (1971) 
July-August  1970 

200 

200 

3000 

165 

195 

13 

Bayside,  NX 

Average  of  5  24-h  Persian!  (1971) 

filter  sanples, 

September  1970 

30 

56 

860 

20 

54.6 

14 

Rotterdam, 

Holland 

Average  of  1  year's  EvsndlJk  (1974) 
filter  samples 
during  1971-72 

106 

37 

mo 

86 

34.2 

15 

Schledao, 

Holland 

Averaga  of  1  year's  EvandUk  <197*) 
filter  samples 
during  1971-72 

135 

61 

2260 

109 

57 

16 

Maaaaluta, 

Holland 

Averse*  of  1  yaar'a  Svaodijk  (1974) 

nitar  samples 

during  1971-72 

83 

48 

1480 

66 

46 

17 

Sutton,  UK 

?ilt«r  MBDplM  Hamilton  (197*0 

during  1969 

1».3 

32-1 

370 

10.0 

31.5 

13 

Pena,  Norway 

Appro*.  200  las  N  Urssen  A  Rahn 

of  Oslo.  Average  of  (1977) 

8  fUter  samples, 

26  Mreh  -  6  June 

1973 

8.52 

1.89 

189 

6.3 

1.58 

19 

Tveltan, 

Norway 

South  ooaat  of  Laraaan  A  Rahn 

Norway.  Averaga  of  (1977) 

8  nitar  *— plaa, 

11.4 

4.78 

190 

9-2 

4.46 

26  March  -  T  JUn* 
1973 


Staple 

.'last«r 

location 

Type  of  staple, 
date,  etc. 

Reference 

a*1 

itoncrustH 

20 

Tenge,  Demerit 

Average  of  10  filter 
staples,  26  March  - 
16  May  1973 

iarssen  A  Rahn 

(1977) 

23.2 

11.0 

521 

17.1 

10.1 

21 

Collaflrth, 
Shetland  Islands 
UK 

Average  of  contin¬ 
uous  filter  samples, 
June  1972-May  1973 

Cambray  et  al. 
(1975) 

3.9 

2.15 

53.9 

3-3 

2.06 

22 

North  Sea 

Average  of  contin¬ 
uous  filter  staples, 
June  1972-Mty  1973 

Cambray  et  al. 
(1975) 

21.5 

11.9 

159 

19.6 

11.6 

23 

Prince  Georges 
County, 
Maryland 

Average  of  filter 
staples, August  1973 

Gladney  (1974) 

13.5 

35 

910 

2.87 

33.5 

24 

Narragansett, 

R.I, 

Average  of  contin¬ 
uous  filter  samples, 
Gctober-November  1977 

T.J.  Conway  A 

K.A.  Rahn  (un¬ 
published  data) 

9-28 

13.18 

303 

5-74 

12.66 

25 

High  Point,  NJ 

Average  of  contin¬ 
uous  filter  samples, 

7  February  -  1  ffcrcii 
1977 

T.J.  Conway  A 

K.A.  Rahn  (un¬ 
published  data) 

9-98 

11.81 

407 

5.22 

11.13 

26 

New  York  City 

Average  of  contin¬ 
uous  filter  samples, 
October-November  1977 

T.J.  Conway  A 

K.A.  Rahn  (un¬ 
published  data) 

21.1 

36.4 

401 

16.41 

35.7 

27. 

Bear  Island 

Average  of  contin¬ 
uous  filter  samples, 
November  I977-t'*rch 
1978 

K.A.  Rahn  and 

B.  Ottar  (unpub¬ 
lished  data) 

1.15 

1.03 

59.2 

0.46 

0.33 

28 

Spitsbergen 

Average  of  contin¬ 
uous  filter  samples, 
November  1973-March 
1974 

B.  Ottar  (unpub¬ 
lished  data) 

0.84 

0.62 

45.7 

0.31 

0.54 

29 

Spitsbergen 

Average  of  contin¬ 
uous  filter  samples, 
February-April  1978 

K.A.  Rahn  A 

B.  Ottar  (Unpub¬ 
lished  data) 

1.24 

0.99 

39.6 

0.78 

0.92 

30 

Barrow, 

Alaska 

Average  of  contin¬ 
uous  filter  samples, 
November  1976-April 
1977,  November  1977- 
Aprtl  1978 

T.J.  Conway  A 

K.A.  Rahn  (un¬ 
published  data) 

1.12 

0.59 

29.9 

0.71 

0.54 

31 

3arrcu, 

Alaska 

Average  of  contin¬ 
uous  filter  awplas, 
November-Oeceetoer 

1976  and  November- 
Deeember  1977 

T.J.  Coeway  A 

K.A.  Rahn  (un¬ 
published  data) 

1.10 

0.21 

29.4 

0.70 

0.25 

32 

Mould  Bay, 

SWT 

Average  of  eoutln-  Barrie  et  al. 

uous  filter  staples,  (1981) 

Novaraber-Deeamber  1979 

0.28 

0.19 

II.  Renewal  Proposed:  1  October  1980  -  30  September  1983 


l.  Introduction  and  rationale 


We  are  requesting  three  years'  more  support  to  continue  our 
study  of  the  Arctic  aerosol  in  much  the  same  fashion  as  we  have  for  the 
last  four  years.  Our  major  goals  are  (still)  to  better  understand  the 
sources,  transport,  in  situ  physicochemical  characteristics,  and  environ¬ 
mental  effects  of  the  Arctic  aerosol.  As  before,  we  plan  to  deal  in  a 
broad,  interdisciplinary  manner  with  the  entire  phenomenon  of  the  Arctic 
aerosol,  working  on  different  aspects  of  the  problem  simultaneously. 
Primary  areas  of  interest  for  1980-83  include  further  delineating  the  spa¬ 
tial  and  temporal  distributions  of  Arctic  aerosol  and  Arctic  haze,  de¬ 
ducing  source  areas  from  chemical  composition  of  the  aerosol,  understand¬ 
ing  the  major  meteorological  features  of  how  the  aerosol  is  transported 
to  the  Arctic,  modeling  the  large-scale  chemical  and  physical  changes  of 
the  polluted  air  masses  during  transport  through  numerical  simulation, 
correlating  chemical  and  optical  measurements,  investigating  historical 
and  climatological  aspects  of  Arctic  haze,  and  better  determining  the 
radiative,  nucleational,  and  depositional  effects  of  Arctic  aerosol. 

Work  on  nearly  all  these  topics  is  already  underway;  we  anticipate 
steady  progression  and  evolution  during  the  next  three  years,  with  no 
major  departures  foreseen.  This  approach  has  worked  successfully  for  us 
in  the  past;  we  see  no  reason  to  alter  it  now.  Study  of  the  Arctic  aero¬ 
sol  has  become  a  recognized  sub-discipline  in  the  last  years;  at  the  same 
time,  it  has  taken  on  broadness  and  depth  to  the  point  that  many  more  than 
the  three  years'  effort  proposed  here  will  be  required  to  answer  the  ques¬ 
tions  satisfactorily. 

During  the  past  two  years  we  have  been  able  to  formulate  a  number  of 
scientific  questions  quite  precisely.  Many  of  these,  with  a  few  answers, 
have  been  treated  implicitly  in  Section  I.C.  above.  The  following  is  a 
partial  list  of  questions  which  are  currently  on  our  minds,  and  which  we 
will  try  to  answer  during  the  coming  contract  period: 

•  How  extensive  are  the  systematic  differences  in  chemical  composition 
of  the  aerosols  of  the  North  American  and  the  Norwegian  Arctic? 

•  Does  the  composition  of  the  aerosol  of  the  North  American  Arctic 
really  imply  the  existence  of  a  previously  unrecognized  pollution 
source?  If  so,  what  is  it,  where  is  it,  and  how  important  is  it? 

Can  its  effects  be  seen  in  other  parts  of  the  Arctic  as  well? 

•  How  important  is  eddy-diffusion  transport  of  aerosol  in  and  around 
the  Arctic,  relative  to  organized  transport  (trajectories)? 

•  What  are  the  major  forces  which  account  for  the  seasonal  variations 
of  Arctic  aerosol,  the  spring  man-imm  in  particular? 

•  Can  these  forces  also  explain  why  there  is  a  less  pronounced  simmer 
minimum  in  the  Norwegian  Arctic  than  in  the  North  American  Arctic? 

•  What  are  the  major  periodicities  of  aerosol  in  the  Arctic?  Are 
they  the  same  or  different  on  the  two  sides  of  the  Arctic? 
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■  How  important  is  the  USSR  as  a  source  of  Arctic  aerosol? 

•  Can  the  Arctic  be  used  as  the  first  large-scale  test  area  for  the 
Chemical  Element  Balance  (CEB)  method  of  deducing  sources  from  compo¬ 
sition? 

•  We  believe  that  Eurasia  is  the  major  source  of  the  Arctic  aerosol. 
Under  what,  if  any,  circumstances  can  North  America  contribute  sig¬ 
nificantly? 

•  Where  do  the  high  concentrations  of  222Rn  and  21*Pb  of  Barrow  in 
winter  come  from?  Are  their  sources  the  same  as  for  the  bull-  'f 
the  aerosol? 

•  We  have  postulated  long  residence  times  for  the  Arctic  aeros 
particularly  during  winter.  Can  we  determine  residence  time-  r- 
perimentally?  In  particular,  can  222Rn  and  21#Pb  be  used  tc  vide 
quantitative  estimates  of  transit  time  and/or  residence  time 
Arctic  aerosols? 

•  To  what  extent  might  pollution-derived  cloud-condensation  nuclei, 
which  now  seem  to  be  ubiquitous  in  the  Arctic  during  winter,  modify 
the  radiative  properties  of  Arctic  clouds? 

•  Why  is  mean  Arctic  sncrw  so  different  in  trace-element  composition 
from  mean  Arctic  aerosol?  What  implications  does  this  have  for 
interpreting  historical  data  from  the  Greenland  Ice  Sheet? 

•  Might  deposition  of  pollution-derived  Arctic  aerosol  already  be 
affecting  the  ecology  of  the  North  Slope,  such  as  growth  of  lichens 
or  efficiency  of  nitrogen  fixation  by  blue-green  algae? 

•  What  is  the  source  of  the  abundant  Br  in  the  Arctic  atmosphere  or 
spring?  Can  this  Br  possibly  be  responsible  for  the  temporary 
disappearances  of  near-surface  0^  at  Barrcw  during  spring? 

■  What  is  the  primary  altitude  of  transport  of  aerosol  ultimately 
observed  at  the  surface  in  the  Arctic? 

•  What  is  the  particle-size  distribution  of  the  Arctic  aerosol?  Is 
it  a  steady-state,  self-preserving  distribution? 

In  the  near  future,  we  expect  to  see  gradual  and  steady  shifts  in 
the  orientation  of  our  work:  (1)  Our  data  collection  will  become  progres¬ 
sively  more  directed  with  time.  While  we  continue  to  accumulate  samples, 
analysis  will  be  more  oriented  toward  less-understood  locations,  interest¬ 
ing  times  of  year,  potential  tracer  elements,  etc.  In  other  words,  we  will 
more  selectively  accumulate  our  data  to  fill  gaps  in  our  knowledge. 

(2)  We  will  spend  more  of  our  time  interpreting  our  data,  formulating 
ideas,  etc.,  and  relatively  less  on  general  collection  of  data.  We  will 
still  generate  many  data,  however.  (3)  We  will  write  considerably  more 
articles  than  in  the  past,  new  that  our  ideas  on  the  Arctic  are  settling 
dewn.  We  have  a  backlog  of  articles  ready  to  be  worked  on. 

We  dose  this  section  by  noting  that  there  are  a  number  of  related 
projects  underway  on  Arctic  air  chemistry,  both  in  our  laboratories  and 
in  others.  G.  Shaw  and  K.  Rahn  have  a  two-year  NSF  grant  to  continue 
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studies  of  the  radiative  effects  of  Arctic  aerosols,  as  of  May  1980. 

R.  McCaffrey  and  K.  Rahn  have  an  NSF  grant  to  study  aerosol-snow  fraction¬ 
ation.  A  renewal  proposal,  to  continue  study  of  deposition  in  the  Arctic, 
is  now  being  written.  We  hope  to  get  support  from  NOAA/ARL  soon,  as  well. 

But  the  cornerstone  of  our  support  is  still  ONR,  and  has  been  since 
the  beginning  of  our  wort:  in  1976.  Thanks  to  ONR's  steady  assistance,  we 
have  been  able  to  conduct  our  studies  in  the  thorough,  long-term  way  that 
the  topic  requires.  Few  projects  are  so  lucky;  for  this  we  owe  a  great 
debt  to  ONR. 

A  large  change  in  the  related  programs  during  the  last  two  years  is 
the  increase  in  number  at  other  institutions.  Two  years  ago,  we  were 
nearly  the  only  group  working  on  the  Arctic  aerosol.  Now,  there  are 
active  programs  at  NOAA/OICC,  Lawrence  Berkeley  Laboratory,  New  York  Uni¬ 
versity,  Bell  Laboratories,  Georgia  Tech,  Atmospheric  Environment  Service 
of  Canada,  Camegie-Mellon  University,  University  of  Wyoming,  Danish  Air 
Pollution  Laboratory,  and  Norwegian  Institute  for  Air  Research.  These 
programs  help  our  work  considerably,  by  providing  a  breadth  that  would 
not  otherwise  be  possible. 

B.  Plan  of  the  work 


1.  Routine  sampling  of  Arctic  surface  aerosol  (URI,  UA) 

We  plan  to  continue  our  routine  sampling  of  Arctic  surface 
aerosol  for  at  least  this  contract  period.  Such  samples  have  obvious  val¬ 
ue  as  a  long-term  library;  during  this  contract  we  wrll  accumulate  years 
5,  6  and  7  at  Barrow  and  Fairbanks.  We  are  the  only  proup  taking  regular 
aerosol  samples  at  carefully  chosen  locations  in  Alaska. 

We  also  feel  very  strongly  that  the  air  quality  of  a  given  remote  loca¬ 
tion  can  be  properly  understood  only  after  several  years'  data  have  been 
collected.  Fran  the  beginning,  we  have  rejected  the  tendency  to  limit  our 
sampling  to  brief  campaigns  which,  while  admittedly  intensive,  miss  much 
crucial  information  such  as  timing  of  seasonal  variations,  periodicities, 
etc.  We  have  had  several  spring  campaigns,  but  only  as  supplements  and 
complements  to  routine,  continuous  sampling. 

On  the  other  hand,  we  are  not  a  monitoring  agency  like  NQAA/GMCC, 
which  thinks  in  terms  of  decades  of  records.  We  study  the  Arctic  atmosphere 
scientifically;  it  happens  to  take  a  time  somewhere  between  the  weeks  of 
campaigns  and  the  decades  of  true  monitoring.  In  principle,  a  few  annual 
cycles  should  be  enough.  "A  few"  is  not  very  well  defined  in  this  kind 
of  study.  At  first  we  thought  that  two  years  would  be  enough,  but  our 
first  two  winters  (1976-77  and  77-78)  were  extremely  unusual.  Our  third 
winter  approached  normality,  but  the  fourth  was  unusual  again.  Maybe 
the  Icelanders  are  right,  that  5-10  years  is  required. 

In  any  event,  seme  more  years  of  operation  will  be  necessary,  because 
much  of  the  Arctic  Air-Sampling  Network  only  began  in  1979-80  (the  three 
Canadian  sites,  the  five  Greenland  sites,  improved  Spitsbergen  sites,  our 
Iceland  and  Ireland  sites).  At  present,  we  are  sampling  at  Barrow,  Poker 
Flat  (Fairbanks),  Narragansett  (RI),  Iceland  and  Paris,  with  Ireland  just 
about  to  start.  In  spring  1981  we  will  start  at  Nord,  Greenland.  Ireland 
will  probably  run  for  only  one  year;  the  other  sites  will  operated  indefin¬ 
itely.  Thus  we  have  stabilized  at  six  sites. 
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2.  Chemical  analysis  of  the  routine  samples  (URI) 

As  noted  above  in  Section  I.B.2,  nondestructive  neutron 
activation  has  been  the  heart  of  our  analytical  program,  and  will  remain 
so  for  the  near  future.  The  elements  determined  routinely  by  short  neut¬ 
ron  activation  give  an  excellent  overview  of  the  Arctic  aerosol  (Na  and 
Cl  for  sea  salt,  A1  and  Ti  for  the  crust,  V  and  Mn  for  pollution  sources, 
etc.).  In  addition,  we  are  beginning  atomic  absorption  of  the  Barrow  aero¬ 
sol  samples,  with  first  results  expected  in  fall  1980.  Pb  and  Cd  are  of 
greatest  interest.  The  technique  can  be  easily  extended  to  Mn,  Cu,  Zn, 

Ag,  and  several  other  elements. 

We  need  to  analyze  some  of  the  Barrow  samples  by  long  irradiations 
also.  During  the  coming  contract  period  we  hope  to  do  at  least  1  or  2 
years  of  Barrow  samples  in  this  way. 

We  are  steadily  accumulating  data  for  2l#Pb  from  our  Barrow  filters. 
This  is  potentially  important  data,  because  EM,  stopped  determining  2l0Pb 
at  Barrow  after  one  year  of  data  from  1975-76.  We  are  thus  the  only  source 
of  210Pb  data  for  Alaska.  We  plan  to  complete  our  counts  of  the  first 
two  years  of  filters  from  Barrow,  then  move  to  filters  from  Spitsbergen 
and  Bear  Island.  This  work  proceeds  slowly,  though,  because  a  count  takes 
typically  three  days,  and  because  we  only  have  access  to  the  LEPS  detector 
half-time. 

We  continue  to  have  the  capacity  to  determine  sulfate  from  samples 
of  Arctic  aerosol.  Three  techniques  are  now  available:  the  131Ba  technique 
originally  used,  a  more  sensitive  colorimetric  technique,  and  ion  chroma¬ 
tography.  We  will  probably  only  determine  sulfate  as  the  need  arises,  not 
routinely. 


3.  Daily  aerosol  samples  during  winter  (URI) 

As  an  experiment,  we  took  daily  aerosol  samples  at  Barrow, 
in  addition  to  the  routine  4-day  samples,  during  winter  and  spring  of  1979- 
80.  The  major  goal  of  this  project  was  to  determine  whether  there  were 
regular  periodicities  in  the  Barrcw  aerosol  of  shorter  time  scale  than  the 
quasi-monthly  cycle  which  shows  up  clearly  in  our  4-day  samples.  A  quasi - 
weekly  periodicity  is  seen  at  Bear  Island,  and  seems  to  be  related  to  the 
passage  of  synoptic  systems  through  the  area.  Comparison  of  the  relative 
intensities  of  the  various  periodicities  on  both  sides  of  the  Arctic  may 
reveal  much  about  the  modes  of  transport  of  aerosol,  in  particular  the  rela¬ 
tive  contributions  of  standing  eddies'  (long  waves)  and  transient  eddies 
(synoptic  systems).  Ultimately,  this  should  lead  to  a  much  greater  predic¬ 
tability  for  aerosol  and  haze  in  various  parts  of  the  Arctic. 

We  will  take  one  more  winter  of  dally  samples  at  Barrow  during  1980-81. 
Because  of  the  large  number  of  samples  involved,  the  project  will  probably 
stop  here. 


4.  Optical  measurements  and  radiative  effects  of  the  Arctic 
aerosol  (UA,  URI)  ”  ” 

Radiative  studies  in  the  Arctic  are  presently  sponsored 
both  by  this  ONR  Contract  and  by  the  Shaw-Rahn  NSF  grant  "Radiative  effects 
of  Arctic  haze".  As  we  see  it,  our  radiative  studies  fall  into  three  broad 
categories:  "initial"  direct  measurements  of  optical  depths,  skylight,  etc.; 
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"intermediate"  inference  of  other  important  optical  properties  such  as 
particle-size  distribution,  scattering  phase  function,  and  albedo  of 
single  scattering  from  the  primary  data,  usually  by  inversion;  and 
"final"  calculation  of  radiative  effects  on  the  Arctic  fran  the  primary 
and  inferred  optical  properties.  We  consider  that  the  primary  optical 
measurements,  which  can  be  correlated  with  our  chemical  measurements,  are 
supported  primarily  by  ONR,  that  the  inference  of  size  distribution,  etc., 
is  supported  equally  by  ONR  and  NSF,  and  that  the  deduction  of  radiative 
effects  in  the  Arctic  is  supported  mainly  by  NSF. 

We  are  presently  taking  routine  measurements  of  atmospheric  turbidity 
at  Fairbanks.  These  measurements  have  been  of  great  value  to  us  for  seve¬ 
ral  reasons.  They  have  shewn  clearly  that  Fairbanks  is  less  hazy  than 
Barrow  in  late  winter  and  spring  (there  is  also  less  pollution  aerosol  at 
Fairbanks  than  at  Barrow),  that  pulses  of  haze  do  reach  Fairbanks  in  spring 
(February-April) ,  and  that  this  haze  is  associated  with  cold  air,  SOr  and 
V,  i.e. ,  has  come  from  the  Arctic.  Because  this  haze  is  basically  trans¬ 
ported  to  interior  Alaska  from  another  region,  its  appearance  depends 
strongly  on  the  local  large-scale  circulation,  hence  varies  greatly  from 
year  to  year.  During  the  winter  of  1979-SO,  for  example,  which  was  the 
third  warmest  in  recorded  history  at  Fairbanks,  there  were  no  haze  events 
at  all,  according  to  G.  Shaw.  We  plan  to  continue  these  measurements  in 
Fairbanks  indefinitely.  Understanding  the  Fairbanks  situation  helps  us 
delimit  the  boundaries  of  Arctic  haze,  as  well  as  the  circumstances  under 
which  it  is  transported  out  of  the  Arctic. 

Thanks  to  our  interest  in  haze  at  Barrow,  the  NOAA/GMCC  program  has 
restarted  its  routine  measurements  of  atmospheric  turbidity  there,  and 
supplies  us  the  data  upon  request.  Their  instruments  are  not  state-of- 
the-art,  however.  We  will  supply  them  with  a  more  sensitive,  better- 
calibrated  sun  photometer  as  part  of  the  Shaw-Rahn  NSF  radiative  effects 
grant.  This  grant  will  also  make  available  9  other  precision  photometers 
which  can  be  dispersed  around  the  Arctic  Air-Sampling  Network.  Within 
2-3  years,  we  should  have  a  much  better  picture  of  the  horizontal  distri¬ 
bution  of  Arctic  haze. 

In  addition  to  the  routine  optical  measurements,  we  will  collect  data 
from  a  variety  of  Arccic  locations  on  field  campaigns  (see  next  section). 
These  trips  are  major  sources  of  optical  data  for  us. 

During  the  next  three  years  we  will  continue  to  infer  properties  of 
the  Arctic  aerosol  such  as  size  distribution,  phase  function,  and  single¬ 
scattering  albedo,  from  optical  (or  chemical)  measurements.  Whenever  pos¬ 
sible,  results  from  two  or  more  methods  will  be  compared.  For  example, 
the  single-scattering  albedo  can  be  derived  from  diffuse  and  direct  optical 
measurement,  from  reflectivity  of  filters  compared  with  scattering  in 
nephelometers ,  and  from  chemical  measurements  of  elemental  carbon,  vana¬ 
dium,  sulfate,  sea  salt,  and  soil.  Particle-size  distributions  can  be 
obtained  from  inversion  of  optical  measurements,  direct  counting  of  par¬ 
ticles  on  Nuclepore  filters,  inversion  of  data  from  Nuclepore  diffusion 
chambers,  or  chemical  measurements  on  stages  of  cascade  impactors.  Com¬ 
bining  the  results  of  different  techniques  should  provide  much  more  relia¬ 
ble  estimates  of  the  property  in  question. 
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Once  these  inferred  optical  properties  of  the  Arctic  aerosol  are 
known  to  our  satisfaction,  they  will  be  used  in  the  NSF  project  to  esti¬ 
mate  direct  radiative  effects  of  Arctic  haze. 

In  connection  with  his  optical  studies  of  Arctic  haze,  Dr.  Shaw  will 
be  attending  the  First  International  Workshop  on  Light  Absorption  by 
Aerosol  Particles  at  Colorado  State  University,  28  July  -  8  August  1980. 

At  this  workshop,  various  groups  will  be  measuring  various  properties  of 
atmospheric  radiation,  inverting  these  data  to  infer  properties  of  the 
aerosol,  then  checking  the  results  against  the  same  properties  measured 
directly.  This  interccmparison  should  provide  a  most  useful  test  of  the 
techniques  used  in  our  studies  of  Arctic  radiation. 

5.  Field  campaigns  (URI,  UA) 

In  the  past,  we  have  had  one  major  field  campaign  per  year, 
usually  during  spring,  in  which  a  variety  of  optical  and  chemical  measure¬ 
ments  was  made  simultaneously.  (The  July-September  1980  YMER  expedition  is 
our  first  summer  campaign).  We  intend  to  continue  this  practice  in  modi¬ 
fied  fora,  throughout  the  next  contract  period. 

Our  winter-spring  campaign  for  1980-81  will  be  a  single-engine 
aircraft  experiment.  An  opportunity  that  we  cannot  refuse  has  been  pre¬ 
sented  to  us  by  Mr.  Donald  W.  Heokert  of  Fairbanks,  an  extremely  experienced 
pilot  who  has  recently  developed  a  strong  interest  in  the  Arctic  aerosol. 

For  a  total  of  $12,000  he  will  construct  an  air-sampling  system  to  our 
specifications,  install  it  in  a  local  single-engine  aircraft,  modify  the 
aircraft  for  longer  range,  and  conduct  six  10-hour  missions  between  Fair¬ 
banks  and  the  ice  pack  north  of  Barrow.  The  flights  will  take  place  at 
monthly  intervals  from  November  1980  through  April  1981,  at  times  to  be 
decided  by  NT.  Heckert  according  to  a  set  of  requirements  worked  out  with 
K.  Rahn  and  G.  Shaw.  The  experiment  will  consist  of  hourly  4-inch  high- 
colume  filter  samples,  shorter-period  micro- impactor  samples,  and  sun- 
photometer  measurements  as  light  permits.  The  filters  will  be  analyzed 
chemically  by  neutron  activation,  atonic  absorption,  and  other  techniques 
as  needed.  The  impactor  samples  will  be  examined  by  scanning  electron 
microscopy  for  morphology,  particle-size  distribution,  and  sane  indication 
of  elemental  composition.  Mr.  Heckert  will  be  accompanied  by  Mr.  B.  Miller, 
also  of  Fairbanks.  Both  Mr.  Heckert  and  Mr.  Miller  have  a  great  deal  of 
experience  in  aircraft  sampling.  It  should  be  noted  that  It*.  Heckert  will 
donate  hi3  time  to  this  project. 

A  mission  will  consist  of  3i  hours  flying  frcm  Fairbanks  to  Prudhoe 
Bay  or  Barrcw,  3  hours  over  the  ice,  then  3i  hours  back  to  Fairbanks.  The 
samples  en  route  will  provide  a  N-S  transect  over  the  Brooks  Range,  which 
seems  to  be  the  mean  dividing  line  between  haze  and  nonhaze  during  winter. 
Once  over  the  ice,  a  three-level  vertical  profile  will  be  taken.  If  the 
destination  is  Barrow,  the  current  ground-level  sample  at  the  GMCC  observa¬ 
tory  will  serve  as  the  fourth  level. 

Both  the  transects  and  vertical  profiles  will  provide  valuable  infor¬ 
mation  about  the  Arctic  aerosol.  The  transects  should  give  an  idea  of 
just  how  large  the  instantaneous  contrast  in  aerosol  aloft  between  the 
North  Slope  and  interior  Alaska  can  be.  Until  now,  we  have  had  data  on 
only  longer-term  contrast,  at  ground  level.  They  should  also  elucidate 
the  role  of  the  Brooks  Range  as  a  climatic  divider,  hence  a  divider  of 
aerosol.  These  atmospheric  transects  can  be  compared  with  transects  of 
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deposition  in  snow  and  in  lichens.  We  intend  to  generate  the  former  under 
the  NSF  aerosol-snow  continuation  grant  with  R.  McCaffrey ;  we  will  aim 
for  the  latter  through  some  sort  of  cooperative  project  which  we  will  try 
to  establish  with  Wayne  C.  Hanson  and  Marianne  Krasny  (see  Section  I.C.7 
above).  This  cooperative  project  will  compare  two  measures  of  atmospheric 
contrast  (surface  and  aloft)  with  two  measures  of  depositions!  contrast 
(snow  and  lichens),  and  should  considerably  enlighten  our  understanding 
of  the  contrast  between  the  aerosol  and  its  deposition  in  and  around  the 
Arctic. 

The  vertical  profiles  of  aerosol  in  the  Arctic  are  badly  needed,  as 
well.  In  the  most  general  terms,  they  will  indicate  how  well  our  measure¬ 
ments  of  the  surface  aerosol  represent  the  totality  of  the  Arctic  aerosol. 
Until  now,  we  have  had  vertical  profiles  of  only  turbidity,  which  is  a 
function  of  both  aerosol  and  relative  humidity.  These  flights  will  pro¬ 
vide  information  on  the  aerosol  alone,  -which  can  then  be  used  to  infer  the 
effect  of  relative  humidity  on  the  intensity  of  Arctic  haze.  Among  other 
things,  this  should  help  decide  whether  the  surface  clear  layer  in  the 
Arctic  is  caused  by  a  deficit  of  aerosol  or  by  low  relative  humidities, 
or  by  both.  This  question  has  plagued  us  for  the  last  two  years.  Verti¬ 
cal  profiles  may  also  shed  some  light  on  mixing  from  aloft  into  the  surface 
layer,  and  on  removal  rates  of  aerosol  from  the  surface  layer,  both  of 
which  are  needed  to  properly  understand  long-range  transport  of  aerosol 
in  the  Arctic.  If  the  chemical  composition  of  aerosol  above  the  boundary 
layer  is  markedly  different  from  that  within  it,  different  sources  for  the 
two  aerosols  and  little  local  mixing  would  be  implied.  It  would  also  im¬ 
ply  that  the  aerosol  measured  at  the  surface  has  been  transported  long  dis¬ 
tances  within  the  surface  layer.  Small  differences  between  the  surface 
layer  and  aloft  would  imply  some  combination  of  slow  removal  and  fast 
mixing. 

All  in  all,  then,  we  consider  this  aircraft  experiment  to  be  a  poten¬ 
tially  valuable  one. 

Our  other  field  work  for  1980-81  will  be  to  establish  a  high-volume 
sampling  site  at  Nord,  Greenland  in  spring  1981.  We  do  not  foresee  any 
unusual  problems  with  this  project;  it  should  take  only  2  days  to  install. 

It  is  possible  that  the  person  traveling  to  Nord  will  stay  longer  and  make 
a  mini-campaign  out  of  it,  including  several  different  types  of  measurements. 

Field  work  for  the  second  and  third  years  of  this  contract  is  harder 
to  anticipate.  There  will  be  an  optically  oriented  field  program  each 
year  under  the  Shaw-Rahn  NSF  grant;  we  may  wish  to  link  subsequent  ONR 
field  studies  with  these  NSF  trips.  Based  on  the  results  of  the  1980-81 
aircraft  experiment,  we  may  decide  that  a  more  detailed  program  should  be 
conducted,  for  example  with  the  NCAR  Electra.  This  was  mentioned  in  the 
last  proposal,  but  later  proved  to  be  premature.  We  will  try  for  some 
degree  of  field  work  each  year,  though,  and  will  be  flexible  enough  to 
adapt  to  whatever  opportunity  should  arise,  such  as  the  YMER  study  in  1980. 

6.  Particle  dynamics  of  the  Arctic  aerosol  (UA) 

An  intriguing  aspect  of  the  Arctic  aerosol  which  we  would 
like  to  pursue  during  the  next  three  years  is  its  particle  dynamics. 
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Questions  of  interest  include: 

•  What  is  the  rate  of  gas-to- particle  conversion  in  the  Arctic  as  a 
function  of  time  of  year,  and  how  does  it  depend  on  concentration 
of  precursor  gases,  sulight,  etc.? 

•  Is  the  spring  maximum  of  secondary  substances  like  SOiJ  caused  by 
rapid  conversion  of  precursor  gases  already  in  the  Arctic  by  tJV 
light  as  the  sun  rises,  or  by  transport  after  oxidation  farther 
south? 

•  How  great  is  the  size-dependent  flux  of  material  through  the  aero¬ 
sol  particle  spectrum? 

•  Is  the  Arctic  particle-size  distribution  at  equilibrium,  i.e.  self- 
preserving? 

•  What  are  the  relative  efficiencies  of  in-cloud  processes,  below- 
cloud  processes,  ice-crystal  scavenging,  sedimentation,  surface 
impaction,  chemical  reactions,  etc.,  in  removing  particles  from 
the  Arctic  atmosphere? 

Answers  to  these  and  similar  questions  may  help  us  to  estimate  the 
rate  of  deposition  of  Arctic  aerosol  from  the  atmosphere,  its  residence 
time  in  the  Arctic,  the  ratio  of  secondary  and  primary  aerosol,  as  well 
as  the  underlying  reasons  for  the  observed  particle-size  distribution 
of  the  Arctic.  These  answers  should  lead  us  to  a  deeper  understanding 
of  the  causes  of  Arctic  haze. 

7.  Cloud-active  aerosol  in  the  Arctic  (Borys  Ph.D.  thesis,  CSU) 

During  the  coming  contract  period,  Mr.  Borys  will  finish 
his  Ph.D.  thesis  on  cloud-active  aerosol.  By  September  1980  all  his  field 
work  will  be  finished;  work  for  the  contract  period  will  consist  of  finish¬ 
ing  analysis  of  the  samples,  reducing  and  compiling  the  data,  interpreting 
the  data,  and  writing  it  up,  first  as  a  thesis  and  then  in  a  series  of 
articles. 

In  addition  to  the  thesis,  Mr.  Borys  has  additional  courses  and  depart¬ 
mental  examinations  to  complete,  as  well  as  a  thesis  defense.  Ideally, 
this  would  all  be  finished  in  the  first  two  years  of  the  contract,  but 
this  timetable  is  not  certain. 

8.  Climatology  of  Arctic  haze  (Raatz  Ph.D.  thesis.  UA) 

The  Ph.D.  thesis  of  1*4?.  W.E.  Raatz  of  the  Geophysical 
Institute,  University  of  Alaska,  will  continue  throughout  the  coming  con¬ 
tract  period.  This  work  will  have  two  main  components,  historical  (ana¬ 
lysis  of  past  Ptarmigan  records  of  haze)  and  current  (analysis  of  data 
from  Arctic  Air-Sampling  Network;  correlation  of  these  data  with  synoptic 
conditions  in  the  Arctic).  Analysis  of  the  Ptarmigan  data  will  consist 
of  intensive  examination  of  the  114  flights  during  which  haze  was  reported, 
to  determine  the  meteorological  conditions  associated  with  the  haze,  and 
hopefully  also  to  determine  something  about  the  horizontal  and  vertical 
distributions  of  the  haze.  Unless  something  unexpected  turns  up,  however, 
the  Ptarmigan  data  will  be  less  helpful  than  we  had  anticipated. 
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The  course  of  the  current  climatological  study  of  Arctic  haze  is  not 
easy  to  predict.  Neither  the  methods  nor  the  goals  are  precisely  defined 
at  this  point.  The  general  goal  is  to  understand  the  major  forces  that 
control  Arctic  haze  by  using  climatological/statistical  methods.  The 
seasonal  trends  of  the  different  elements  will  be  compared  with  such  mete¬ 
orological  variables  as  temperature,  precipitation,  cloudiness,  placement 
of  synoptic  systems,  etc.,  and  relations  between  them  will  be  sought  by 
a  variety  of  statistical  techniques.  The  same  can  be  done  for  the  quasi¬ 
monthly  cycles  at  Barrow.  Data  from  the  Norwegian  Arctic  may  be  used 
if  time  permits.  An  intensive  meteorological  analysis  of  a  single  pollu¬ 
tion  episode  at  Barrow  will  be  attempted. 

It  is  not  yet  known  which  of  these  approaches  will  work.  We  hope, 
though,  that  the  sum  total  of  Mr.  Raatz's  efforts  will  yield  a  climatolo¬ 
gy  of  Arctic  haze  which  can  help  us  better  understand  its  occurrence,  and 
lead  to  a  reasonable  predictability. 

9.  Interviews  with  former  Ptarmigan  observers  (URI,  UA) 

Two  years  ago  we  proposed  to  interview  two  retired 
Ptarmigan  observers  now  living  in  California  in  order  to  try  to  glean  what¬ 
ever  further  information  we  could  about  the  occurrence  of  Arctic  haze.  Un¬ 
fortunately,  none  of  KAR's  trips  during  the  last  two  years  came  close 
enough  to  California  to  make  these  side  trips  worthwhile.  We  will  hold 
over  the  modest  funding  for  this  effort  and  hope  to  use  it  during  this 
contract  period.  Perhaps  it  is  just  as  well  that  these  interviews  were 
postponed,  because  in  the  meantime  we  have  begun  to  work  with  the  raw 
Ptarmigan  data  ourselves,  and  can  ask  much  more  specific  questions  now 
than  we  could  have  earlier.  W.E.  Raatz  may  also  participate  in  these  in¬ 
terviews. 


10.  Arctic  data  bank  (URI,  UA) 

Beginning  with  this  contract  period,  URI  and  UA  will  be 
organizing  their  chemical  and  optical  data  on  the  Alaskan  aerosol  more 
formally  so  that  it  will  be  readily  available  to  interested  users  outside 
our  project.  Ihe  exact  mechanism  for  doing  this  has  not  yet  been  deter¬ 
mined,  but  it  will  almost  certainly  involve  generating  a  hard  copy  for 
each  request,  with  the  data  stored  in  a  computer.  We  do  not  have  enough 
data  to  warrant  distributing  it  on  magnetic  tape. 

During  the  meeting  of  the  Arctic  Air-Sampling  Network  on  8  May  1980, 
organization  and  dissemination  of  data  within  the  Network  itself  was  dis¬ 
cussed.  There  was  a  general  consensus  that  there  was  still  insufficient 
data  to  warrant  having  it  stored  in  seme  central  facility,  such  as  NILU. 

It  seems  that,  at  least  for  the  next  2-3  years,  each  laboratory  will  take 
care  of  its  own  data.  The  Arctic  Newsletter  may  advise  the  Network  about 
times,  places,  and  elements  for  which  each  laboratory  has  data,  however. 

11.  Meteorological  analysis  (URI,  UA,  CSU) 

We  will  continue  to  improve  our  meteorological  understand¬ 
ing  of  transport  of  pollutants  to  the  Arctic  as  best  we  can  during  the 
coming  contract  period,  both  by  our  own  efforts  and  through  cooperative 
projects  with  other  laboratories.  In  the  past,  we  have  wondered  just  how 
much  time  we  should  expend  on  meteorological  analysis.  Because  neither 
URI  nor  UA  is  a  center  of  dynamic  meteorology,  we  are  restricted  to  using 
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rather  rudimentary  methods.  Experience  during  the  last  3-4  years  has 
shown,  however,  contrary  to  general  expectation,  that  very  much  can  be 
done  with  these  elementary  methods.  This  is  due  in  part  to  the  early 
stages  of  study  of  Arctic  meteorology  and  in  part  to  the  sparsity  of 
meteorological  data  from  the  Arctic.  In  the  paragraphs  below,  vre  dis¬ 
cuss  the  various  ways  in  which  we  will  proceed. 

One  of  the  major  ways  that  we  infer  the  nature  of  circulation  in 
the  Arctic  atmosphere  is  through  chemistry.  The  chemical  composition  of 
the  aerosol  at  a  given  location  and  time  can  be  used  to  deduce  its  gene¬ 
ral  source  area,  which  in  turn  places  major  constraints  on  the  path  of 
the  air  mass.  The  most  recent  example  of  this  is  the  Mn/V  ratio,  which 
seems  to  show  that  much  or  most  of  the  air  in  the  North  American  Arctic 
has  come  from  sources  eastward  of  Europe  (see  Sections  I.C.l,  I.C. 3,  and 
I.E.7  above).  This  is  but  one  example — more  will  surely  appear  as  data 
on  the  Arctic  aerosol  increase.  The  power  of  such  pure  "chemometeorology" 
is  largely  unrecognized  by  the  atmospheric  cocmunity  today;  we  intend  to 
press  forward  with  its  development,  application,  and  promulgation. 

Once  the  sources  are  known,  the  transit  time  can  be  deduced  from 
trajectories  or  possibly  through  radionuclides  (both  discussed  in  more 
detail  below) .  We  then  use  numerical  simulation  of  aging  of  the  air  mass 
to  derive  information  on  the  various  physical  and  chemical  changes  which 
occur  during  aging,  such  as  the  rates  of  gas- to- particle  conversion,  rates 
of  dry  and  wet  deposition,  and  the  degree  of  large-scale  dilution.  Of 
course,  atmospheric  conditions  at  the  source  must  be  known  in  order  to 
simulate  aging.  Knowledge  of  conditions  at  points  between  the  sources  and 
the  Arctic  also  constrains  the  system,  and  can  be  used  to  deduce  changes 
in  rates  during  transport.  Our  first  simulations  appeared  in  Rahn  and 
McCaffrey  (1980;  reproduced  here  as  Section  I.E.  above.  Because  data 
from  only  the  sources  and  end  points  were  used  there,  conclusions  were 
general  (but  valuable).  We  are  now  working  on  a  considerably  refined 
version  of  these  simulations  (Rahn-Brosset-Ottar)  to  be  presented  at  the 
General  Motors  Research  Symposium  on  particulate  carbon  in  the  atmosphere, 
in  October  1980.  Data  from  four  additional  degrees  of  aging  in  and  around 
Eurasia  will  be  Included  there,  and  used  to  check  the  original  simulations. 

The  potential  application  of  such  simulations  is  nearly  unlimited. 

We  intend  to  use  them  to  check  the  reasons  for  the  high  SOjj/V  ratio  in 
the  Arctic,  the  spring  maximum  of  aerosol  in  the  Arctic,  the  fall  maxim m 
of  certain  constituents,  and  the  magnitudes  of  the  annual  cycle  in  various 
locations  in  the  Arctic.  In  addition,  they  can  be  used  to  check  the  rela¬ 
tive  importance  of  competing  variables,  such  as  cloudiness  and  precipi¬ 
tation  for  removing  aerosol. 

We  would  also  like  to  try  to  use  continental  radionuclides  (222Rn, 
21#Pb,  2,9Bi,  210Po)  to  deduce  information  about  residence  times  and 
transit  times  for  aerosol  in  and  aroung  the  Arctic.  For  sane  time  now, 

R.J.  McCaffrey  has  been  studying  these  possibilities,  with  an  eye  toward 
an  eventual  project.  The  results  have  been  generally  discouraging,  al¬ 
though  a  gliximer  of  hope  has  ccrne  recently.  Close  examination  of  the 
radionuclide  literature  reveals  that  nearly  all  the  data  have  been  inter¬ 
preted  in  terms  of  steady-state  conditions.  This  now  appears  to  be  a 
serious  oversimplification  under  normal  circumstances  and  a  fatal  one  in 
the  Arctic.  Non-steady-state  conditions  in  the  Arctic  can  be  dealt  with, 
however,  when  measurements  near  the  continental  source  are  available,  in 
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addition  to  end-point  data  from  the  Arctic.  If  the  source  of  22iRn  and 
21 °Pb  is,  as  we  suspect  increasingly,  the  USSR,  near-source  data  will 
be  extremely  hard  to  obtain,  either  through  literature  or  via  coopera¬ 
tive  experiment .  Dr.  McCaffrey  has  been  working  on  ways  to  circinvent 
this  problem;  he  has  very  recently  found  one,  but  it  is  so  risky  and 
involves  such  assumptions  and  simplifications  that  it  is  impossible  to 
say  without  testing  whether  it  will  work.  During  the  first  year  of  this 
contract,  we  hope  to  collect  some  data  that  can  be  used  to  very  prelimi¬ 
narily  evaluate  this  technique;  if  it  looks  sufficiently  promising,  a 
proposal  will  be  submitted  to  NSF  or  some  other  agency. 

We  are  very  interested  in  the  question  of  eddy  diffusion  vs.  orga¬ 
nized  transport  in  the  Arctic,  as  raised  by  G.  Shaw.  During  the  next 
three  years,  this  model  will  be  refined,  extended,  and  tested  in  as  many 
ways  as  possible.  Critical  tests  should  be  available  from  comparison  with 
John  Miller's  trajectories,  patterns  of  chemical  composition  in  and  around 
the  Arctic,  periodicities  of  aerosol  on  both  sides  of  the  Arctic,  and 
patterns  of  correlation  of  haze  with  Arctic  synoptic  systems. 

One  of  the  most  effective  ways  in  which  our  meteorological  analysis 
proceeds  is  via  cooperative  projects.  There  are  very  few  people  who  nan 
themselves  Arctic  meteorologists,  and  those  who  do  are  usually  concerned 
more  with  micro-  or  meso- scale  phenomena  than  with  the  synoptic-  or  larger- 
scale  processes  which  we  need  to  understand.  Thus,  the  Arctic  meteorology 
of  concern  to  us  is  all  done  by  non-Arctic  meteorologists. 

At  present  there  are  three  main  Arctic  meteorological  projects  of 
interest  to  us.  The  first,  which  is  not  really  a  cooperative  project, 
is  calculation  of  5-day,  850-ob  trajectories  to  Barrow  by  J.  Miller  of 
NOAA/ARL  in  Silver  Spring,  Maryland.  We  have  examined  all  these  trajec¬ 
tories  for  the  first  four  years  and  analyzed  them  statistically.  They 
have  been  of  great  use  to  us,  and  we  will  continue  to  discuss  them  with 
Dr.  Miller. 

As  a  result  of  the  May  1980  symposium  at  URI,  Dr.  Toby  Carlson  of 
Penn  State  University  has  taken  an  interest  in  large-scale  Arctic  meteor¬ 
ology.  During  summer  1980  he  will  be  looking  into  possible  thermodynamic 
constraints  on  the  introduction  of  pollutants  into  air  masses  later  ob¬ 
served  in  the  Arctic.  This  type  of  analysis  may  be  very  useful  to  us 
in  deducing  what  kind  of  air  mass  the  aerosol  observed  at  Barrow  was  ori¬ 
ginally  introduced  into. 

During  the  past  year  we  have  been  in  contact  with  Dr.  Harry  van  Loon 
of  NCAR.  Dr.  van  Loon  is  a  dynamic  meteorologist  who  has  devoted  a  great 
deal  of  effort  to  understanding  large-scale  features  of  the  circulation 
in  the  Northern  Hemisphere,  up  to  and  including  the  Arctic.  He  has  of¬ 
fered  to  help  us  however  he  can;  we  will  take  him  up  on  it  this  year. 

12.  Sources  of  atmospheric  Mn  (URI) 

Now  that  the  Mn/V  ratio  holds  promise  of  discriminating 
between  broad  source  regions  for  Arctic  aerosol,  it  becomes  imperative 
to  better  understand  the  sources  of  atmospheric  bta.  The  sources  of 
atmospheric  V  are  quite  well  understood,  thanks  to  a  comprehensive  survey 
by  Zoller  et  al.  (1973).  No  such  survey  exists  for  fo,  however,  to  the 
best  of  cur  knowledge.  To  remedy  this,  we  will  study  the  sources  of  Mn 
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during  an  early  stage  of  the  next  contract  period.  This  will  be  a  more 
involved  task  than  it  was  for  V,  though,  for  Mn  has  a  greater  variety  of 
sources,  including  heavy  industry.  Once  we  develop  a  feeling  for  the 
principal  sources  of  Ms  to  the  atmosphere,  we  will  be  able  to  predict 
what  kind  of  area  should  generate  the  high  Mn/V  ratios  found  at  Barrow 
and  Mould  Bay. 


13.  Br  in  the  Arctic  atmosphere  (URI) 

Our  discovery  of  high  concentrations  of  Br  in  the  Arctic 
aerosol,  with  the  puzzles  it  has  created,  is  described  in  Section  I.C.8 
above.  We  would  very  much  like  to  follow  up  this  potentially  exciting 
topic  during  the  next  contract  period,  but  proper  study  of  it  demands 
more  time  than  we  can  afford  with  our  present  manpower .  If  time  permits, 
we  may  try  a  small,  carefully  planned  study,  probably  involving  both 
particulate  and  gaseous  Br  (plus  Cl  and  I  for  comparison). 

14.  Trace  elements  in  size-fractionated  desert  soils 

(Mainz,  URI)  ” 

As  noted  in  Sections  I.B.10  and  I.C.9  above,  the  analysis 
and  tabulation  of  data  from  these  soil  samples  is  now  complete.  Raring 
the  coming  contract  period,  various  articles  and  a  large  technical  report 
will  be  written  by  L.  Schfltz  and  K.  Rahn.  This  should  be  completed  within 
the  contract  period.  Most  of  this  work  will  be  done  by  Dr.  SchQtz. 

The  success  of  this  project  has  given  birth  to  others.  The  Max- 
Planck-Institut  fllr  Chemie  and  the  Institut  fQr  Meteorologie  der  Universi- 
tfit,  the  past  and  present  employers  of  Dr.  SchUtz,  respectively,  are  spon¬ 
soring  a  program  under  which  desert  soils  from  all  over  the  world  are 
being  systematically  collected  for  eventual  analysis.  The  goal  is  to  build 
up  a  trace-element  inventory  for  the  aerosol-size  fraction  of  all  major 
desert  soils.  This  program  is  expected  to  continue  indefinitely;  URI  will 
play  a  small  but  continuing  role  in  generating  and  interpreting  the  data. 

15.  Cooperative  programs  (URI,  UA) 

The  importance  of  cooperative  programs  with  other  insti¬ 
tutions  to  our  overall  Arctic  effort  has  been  noted  several  times  in  this 
docunent.  Cooperative  programs  in  force  during  the  1978-80  contract 
period  were  reviewed  in  Section  I.B.6;  here  we  discuss  the  prospective 
cooperative  programs  for  the  next  three  years. 

Our  greatest  cooperation  will  continue  to  be  with  the  GMCC  program. 

In  spite  of  the  withdrawal  of  support  by  the  Naval  Arctic  Research  Labora¬ 
tory,  GMCC  has  committed  itself  to  keep  the  Barrow  observatory  open  at 
all  costs  and  to  keep  our  program  running  there.  At  present,  Barrow  is 
in  the  news  probably  as  much  as  any  of  the  four  GMCC  sites  (the  others 
are  at  Mauna  Loa,  American  Samoa,  and  the  South  Pole),  and  has  a  program 
of  research  second  in  importance  only  to  Mauna  Loa. 

Similarly,  cooperation  with  Dr.  Neal  Brown  of  Poker  Flat  Research 
Range  will  continue.  We  expect  our  program  at  Poker  Flat  to  last  many 
years,  and  to  grow  in  importance  as  the  atmospheric  contrast  between 
interior  Alaska  and  the  North  Slope  becomes  more  widely  recognized.  Both 
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the  Poker  Flat  and  Barrow  authorities  will  provide  meteorological  and/or 
depositional  data  to  complement  our  aerosol  studies. 

Concerning  the  other  sampling  sites:  the  program  with  the  Icelandic 
Meteorological  Office  will  probably  last  another  5-10  years  (at  their 
urging),  with  practically  no  cost  to  us;  the  Ireland  program  with  Uni¬ 
versity  College  Galway  (under  subcontract)  will  probably  last  for  only 
one  year;  the  Paris  aerosol  sampling,  with  the  Service  des  Pollutions  de 
la  Laboratorie  Central,  Prefecture  de  Police,  will  probably  continue 
through  this  contract  period,  again  at  no  cost  to  us. 

Studies  with  Dr.  Joan  M.  Daisey  of  New  York  University,  on  the  organic 
fraction  of  the  Arctic  aerosol,  are  continuing.  We  are  taking  a  suite  of 
samples  for  her  on  the  YMER  this  sinner.  Dr.  C.  Weschler  of  Bell  Labora¬ 
tories  will  continue  to  work  with  us  in  trying  to  track  down  the  source 
of  the  high  concentrations  of  silicones  in  the  Barrow  atmosphere.  Dr. 

Edward  M.  Patterson  of  the  Georgia  Institute  of  Technology  will  continue 
to  measure  the  absorptive  properties  of  aerosol  collected  on  our  Arctic 
filters.  So  far,  his  efforts  have  been  unfunded,  but  he  hopes  to  acquire 
some  support  during  the  next  contract  period. 

Cooperation  between  URI  and  the  Norwegian  Institute  for  Air  Research 
will  continue  indefinitely.  URI  will  analyze  more  filters  from  NILU's 
Bear  Island  and  Spitsbergen  sampling  sites,  the  projected  field  study 
at  Spitsbergen  will  be  arranged  through  NILU,  and  a  series  of  joint  papers 
will  be  written  on  the  research  already  completed.  One  of  these  (Nature, 
SO2  at  Bear  Island)  is  in  its  final  stages,  and  another  (for  the  GM  con¬ 
ference)  is  being  prepared.  Cooperation  between  URI  and  NILU  has  bene¬ 
fited  both  institutions  greatly  so  far;  we  see  no  reason  that  the  future 
should  be  different. 

Cooperative  projects  presently  being  developed  with  Oregon  Graduate 
Center  and  General  Motors  were  already  discussed  in  Section  I.B.6  above. 

We  expect  to  be  interacting  with  Dr.  T.J.  Pepin  of  the  University  of 
Wyoming,  as  well.  Dr.  Pepin  measures  the  vertical  distribution  of  aerosol 
in  the  Arctic  and  Antarctic  atmospheres  via  satellite.  A  genuine  coopera¬ 
tion  will  surely  be  built  up  here:  he  provides  us  with  badly  needed  verti¬ 
cal  information  for  the  Arctic,  as  well  as  data  from  regions  otherwise 
inaccessible  to  us;  we  in  turn  provide  him  with  a  broad  framework  in 
which  to  interpret  his  data. 

One  of  our  most-awaited  cooperative  programs  for  the  coming  contract 
period  will  be  with  Environmental  Measurements  Laboratory.  As  noted  above 
in  Section  I.B.6,  they  are  lending  us  their  prototype  ERM-3  radon  counter 
for  use  at  Barrow.  This  unit  is  highly  sensitive,  and  should  easily  de¬ 
tect  even  the  lowest  concentrations  there.  It  comes  intact  and  completely 
calibrated,  with  a  computer  program  for  processing  the  data.  Its  great 
strength  is  that  it  works  completely  automatically,  with  no  moving  parts, 
and  gives  a  reading  each  2000  seconds.  It  uses  the  two-filter  system 
to  measure  freshly  formed  21*Po  (3.05-min  half-life),  the  first  daughter 
of  l22Rn,  formed  in  its  own  chamber  after  the  first  filter,  hence  involves 
no  assumption  of  equilibria  between  Rn  and  its  daughters.  We  will  pick 
up  the  ERM-3  in  July  1980,  use  it  at  URI  during  sunnier  and  fall  to  become 
familiar  with  it,  then  hopefully  install  it  at  Barrow.  We  are  extremely 
pleased  about  acquiring  this  instrument.  The  half-hourly  data  it  provides 
can  be  compared  with  the  hourly  means  for  a  variety  of  other  atmospheric 
species  measured  at  Barrow,  to  give  an  excellent  idea  of  the  origin  of 
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the  Rn  observed  there,  as  well  as  its  dependence  on  meteorological  condi¬ 
tions.  The  ERM-3  will  provide  a  gold  mine  of  information  to  us.  Together 
with  the  21cPb  data  we  are  already  generating,  it  will  allow  us  to  better 
assess  the  potential  for  deriving  residence  times  and  transit  tiroes  for 
pollution  aerosol  in  and  around  the  Arctic  from  continental  radionuclide 
data  (see  Section  H.B.ll  above). 

Three  cooperative  meteorological  programs  have  been  already  discussed 
in  Section  H.B.ll  above. 

16.  Trace  elements  in  size- fractionated  Barrow  aerosol 

( Lewis  M . S .  thilli''  UR I 7 

In  September  1980,  K.  Rahn  will  acquire  an  M.S.  student , 
Miss  Nofille  F.  Lewis.  Her  thesis  topic  will  be  determination  of  trace- 
element  concentrations  in  the  Barrow  aerosol  as  a  function  of  particle  size. 
She  will  use  high-volume  cascade  impactors  and  the  available  URI  sampling 
facilities  at  Barrow.  This  wort?  should  be  very  valuable  to  our  Arctic 
studies  because  it  will:  (a)  provide  an  overall  size  distribution  of  the 
Arctic  aerosol  (not  yet  available);  (b)  allow  us  to  estimate  the  rate  of 
dry  and  wet  deposition  of  trace  elements  in  the  Arctic;  (c)  provide  a 
record  of  the  way  that  trace  elements  have  been  removed  during  long-range 
transport  to  Barrow  (by  comparing  with  original  size  distributions); 

(d)  allow  us  to  better  interpret  bulk  aerosol-crust  enrichment  factors  de¬ 
rived  from  filter  samples;  and  (e)  provide  a  test  of  our  recent  ideas  on 
the  reason  for  the  high  Mn/V  ratio  found  at  Barrow. 

In  the  past  we  have  refrained  from  undertaking  this  project  because 
the  impaction  surface  roust  be  coated  with  an  oil.  Selection  of  the  proper 
oil  involves  testing  many  candidates  for  their  trace-element  contents, 
which  is  no  small  job.  But  the  addition  of  Miss  Lewis  to  our  roster 
makes  such  a  study  possible. 

Although  this  work  will  be  supported  mostly  by  the  Shaw-Rahn  NSF  grant 
"Radiative  effects  of  Arctic  haze",  we  mention  it  here  because  its  results 
will  find  broad  application  within  our  ONR  Contract.  We  anticipate  can- 
letion  of  this  thesis  two  years  after  the  starting  date. 

17.  Activities  of  the  Arctic  Air-Sampling  Network 

We  will  continue  to  work  toward  the  advancement  of  the 
Arctic  Air-Sampling  Network.  For  at  least  the  next  three  years,  K.  Rahn 
will  continue  to  edit  the  Arctic  Newsletter.  It  will  appear  as  needed, 
at  irregular  intervals,  but  at  a  minimum  every  six  months. 

The  Arctic  Network  will  have  small  technical  meetings  in  May  1981 
and  May  1982,  then  a  larger  Third  Symposium  on  Arctic  Air  Chemistry  in 
May  1983.  The  technical  meeting  in  May  1981  will  be  held  at  the  Atmo¬ 
spheric  Environment  Service,  Downsview,  Ontario,  and  will  be  organized 
by  Dr.  L.A.  Barrie.  No  locations  have  been  determined  for  the  other  two 
meetings,  however.  We  suspect  that  URI  will  organize  the  Third  Sympo¬ 
sium. 
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18.  Workshop  on  aerosol-snow  relations  (URI) 

There  is  presently  an  initiative  to  hold  a  French-American 
workshop  on  the  relations  between  the  trace-element  content  of  polar  aero¬ 
sols  and  snows.  The  impetus  cooes  from  the  French  side,  the  group  of  C. 
Lorius  and  C.  Boutron  in  Grenoble,  which  measures  trace  elements  in  Arctic 
and  Antarctic  snows.  The  workshop  is  to  be  held  in  May  1981  in  Grenoble. 

It  is  to  be  sponsored  by  simultaneous  proposals  to  CNRS  and  NSF.  Because 
of  URI' s  work  on  trace  elements  in  the  Arctic  aerosol,  K.  Rahn  has  been 
asked  to  organize  the  American  portion,  and  has  accepted.  We  are  looking 
forward  to  this  workship,  for  we  expect  it  to  establish  once  and  for  all 
that  the  trace-element  content  of  polar  snow  is  not  a  simple  reflection 
of  that  of  polar  aerosol. 

19.  Statistical  studies  (URI,  UA) 

During  the  Second  Symposium  on  Arctic  Air  Chemistry,  in 
May  1980,  a  general  consensus  developed  that  statistical  techniques  would 
be  used  with  increasing  frequency  to  assist  in  interpreting  data  from  the 
Arctic  Air-Sampling  Network.  Several  attractive  techniques  are  now  availa¬ 
ble,  including  cluster  analysis,  factor  analysis,  and  the  presently  develo¬ 
ping  Chemical  Element  Balance  techniques.  Dr.  N.Z.  Heidam  of  Denmark  pre¬ 
sented  a  paper  on  factor  analysis  of  data  from  Greenland;  his  approach  is 
sure  to  be  taken  up  by  others,  for  example  W.E.  Raatz  of  UA. 

During  the  earning  contract  period  we  wish  to  explore  the  possible 
application  of  Chemical  Element  Balance  (CEB)  techniques  to  the  Arctic 
aerosol,  in  cooperation  with  persons  already  using  it  for  other  aerosols. 
The  CEB  approach  has  been  developed  primarily  for  urban  areas.  It  attempts 
to  account  for  the  mass  of  aerosol  in  terms  of  several  sources  of  aerosol 
of  known  composition  and  the  amounts  of  a  marker  element  for  each  in  the 
ambient  aerosol.  We  share  the  same  goal  for  the  Arctic  aerosol,  namely 
to  determine  its  major  sources,  but  on  a  different  scale:  we  deal  with 
pollution  from  various  continents  instead  of  from  various  stacks  in  a 
city,  for  example,  and  with  much  longer  transport  from  source  to  receptor, 
so  that  chemical  alterations  in  the  atmosphere  should  be  much  greater  than 
within  an  urban  area.  But  the  CEB  techniques  are  so  close  to  what  we 
need  that  we  should  pursue  them.  It  may  very  well  be  that  the  Arctic  will 
provide  the  first  remote-area,  large-scale  test  of  CEB  methods. 

At  this  time  it  is  impossible  to  predict  how  successful  this  work  will 
be  or  hew  far  it  will  proceed  during  the  next  three  years.  We  can  only 
say  that  we  consider  it  a  very  premising  approach,  and  will  look  into  it 
seriously. 
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C.  Facilities  available 


URI  -  Graduate  School  of  Oceanography 

Two  well-equipped  chemistry  laboratories,  one  in  the  Horn  Building 
at  the  Graduate  School  of  Oceanography  and  the  other  in  the  Rhode  Island 
Nuclear  Science  Center  (RINSC)  adjacent  to  the  School  of  Oceanography, 
will  be  used  in  this  work.  A  new  $30,000  Class  100  clean  laboratory  has 
just  been  constructed  in  the  RINSC  and  is  available  for  use.  Also  availa¬ 
ble  for  this  project  are  two  laminar- flow  clean  benches.  A  machine  shop 
is  located  on  the  main  campus. 

All  neutron  activation  analysis  will  be  performed  at  the  RINSC.  The 
RINSC  swimming-pool  reactor  operates  at  two  megawatts  and  delivers  a  ther¬ 
mal  neutron  flux  of  approximately  3  x  1012  n  cm-2  sec-1  at  the  irradiation 
sites.  Counting  equipment  available  for  this  work  includes  several  large 
Ge(Li)  solid-state  detectors  and  associated  electronics,  which  may  be 
used  with  Nuclear  Data  Model  2200  or  Canberra  Industries  Model  8100  4096- 
channel  analyzers  or  a  Digital  Equipment  Corporation  PHA-11  pulse-height 
analysis  system.  Data  and  spectrum  reduction  on  these  systems  can  either 
be  done  via  magnetic-tape  output  with  subsequent  use  of  the  IBM  370-65 
computer  on  the  main  campus  or  directly  on  the  PDP-11/ 40  computer  which 
is  part  of  the  PHA-11  system. 

Also  located  at  the  RINSC  is  a  complete  atomic  absorption  analysis 
laboratory,  including  three  Perkin-Elmer  instruments  (Models  360,  503  and 
603),  HGA-2000  and  HGA-2100  heated  graphite  atomizer  attachments  and  other 
accessories. 

.  For  possible  analysis  of  sulfate,  nitrate,  etc. ,  the  RINSC  has  a 
Bausch  and  Lorab  Spectronic  21  colorimeter  which  is  freely  available  for 
our  use;  the  atmospheric  chemistry  group  of  the  GS0  also  has  a  Dionex  ion 
chromatograph  for  similar  analyses.  The  Graduate  School  of  Oceanogrpahy 
also  has  a  Stereoscan  S4  scanning  electron  microscope  (Cambridge  Scienti¬ 
fic  Instruments,  Lts.)  which  is  available  for  general  use.  It  features 
two  CRT  displays,  a  magnification  range  of  20-200,000  X  and  a  resolution 
in  the  secondary  electron  imaging  mode  of  150A  at  30  kV.  In  addition,  the 
GS0  has  a  JE0L  50-JXA  electron  microprobe  with  3-wavelength  spectrometers 
and  the  KRISEL  automation  package,  including  a  PDP-11/05  15K  computer. 

This  unit  has  70-A  resolution  and  a  1-ym  beam. 

UA  -  Geophysical  Institute 

The  Geophysical  Institute  of  the  University  of  Alaska  is  housed  in 
the  eight-story  C.T.  Elvey  Building  which  was  completed  in  1970  on  the 
West  Ridge  of  the  Fairbanks  campus.  Besides  staff  offices  and  laboratories, 
the  building  accomodates  supporting  services  such  as  machine  and  carpentry 
work,  electronics  design  and  fabrication,  photography,  drafting,  stenography, 
computing  data  processing,  the  library,  archives,  conference  facilities, 
etc.  The  Electronics  Shop  is  experienced  in  designing,  building,  testing 
and  repairing  a  wide  range  of  scientific  instruments.  Its  capability 
ranges  from  building  small  metering  devices  to  design  and  fabrication  of 
data  acquisition  systems  using  the  latest  in  microprocessor  control.  The 
Electronics  and  Photography  Stockrooms  maintain  a  parts  inventory  of  over 
6,000  line  items.  This  is  a  vital  source  of  the  latest  electronic  compo¬ 
nents  for  new  designs,  spare  parts,  supplies,  and  bulk  quantities  of  film, 
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paper  and  chemicals  for  the  Institute's  photo  needs.  The  Machine  and 
Carpentry  Shop  is  probably  unique  in  Alaska .  Well-equipped  with  modern 
tools  ranging  from  a  precision  jig  borer  to  shapers,  planers,  milling 
machines,  grinders,  lathes  and  specialized  facilities  such  as  anodizing 
equipment,  it  includes  also  the  welding  and  woodworking  shops.  The  Photo¬ 
graphy  Section  offers  a  variety  of  technical  and  graphic-arts  services, 
including  printing  in  color  and  black  and  white,  routine  processing  of 
film  from  geophysical  recorders,  motion  picture  processing,  reproduction 
of  records,  photo- fabrication ,  and  slides  for  visual  presentations.  The 
Drafting  Section  produces  illustrations  for  articles,  reports  and  slides 
as  required  by  the  scientific  staff.  The  Electron  Microscope  Laboratory 
is  well  equipped  for  biological  and  physical  applications  of  electron  mic¬ 
roscopy.  The  JEM-6AS  transmission  electron  microscope  was  acquired  in 
1964.  A  new  addition  to  the  laboratory  is  the  JSM-35U  scanning  electron 
microscope,  installed  in  the  fall  of  1977.  Equipment  such  as  a  JEOL 
vacuum  evaporator,  a  Zeiss  compound  research  light  microscope,  and  three 
Porter-Blum  ultramicrotanes  are  available  for  use  in  specimen  preparation. 

Computer  programming  and  data  processing:  The  programming  group  is 
familiar  with  a  variety  of  computers  and  a  number  of  different  programming 
languages  and  operating  systems.  The  staff  is  available  to  write  applica¬ 
tions  programs  on  the  University's  new  VAX  computer  system  or  to  provide 
consulting  services  for  investigators.  Time-share  terminals  to  the  com¬ 
puter  are  available  throughout  the  building.  A  batch-entry  station  is 
available  in  the  adjacent  O'Neill  Building.  The  Institute's  data-proces- 
sing  system  is  built  around  a  NOVA  mini-computer  which  controls  analog/ 
digital  concersion,  plotting,  two  magnetic  tape  drives,  and  more  specialized 
equipment.  Personnel  are  available  for  key  punching,  data  entry,  scaling 
and  other  data-processing  services.  The  Geophysical  Institute  Library 
offers  a  comprehensive  coverage  of  solar-terrestial  physics,  aeronamy, 
meteorology,  climatology,  glaciology ,  oceanograpny,  the  solid-earth  sciences, 
and  environmental  issues.  The  present  collection  includes  more  than 
15,000  volumes,  supplemented  by  reports  and  data  compilations.  The  lib¬ 
rary  subscribes  to  some  430  journals,  magazines  and  newsletters  from  all 
over  the  world.  The  Geophysical  Archives  have  been  recently  combined  with 
the  remote-sensing  data  library  to  provide  shared  facilities  and  a  con¬ 
venient  broad  data  base.  This  combined  facility  is  located  adjacent  to 
the  library,  which  provides  easy  accesss  to  scientific  books,  journals  and 
reports  as  well.  The  Geophysical  Archives  contain  a  worldwide  collection 
of  auroral  and  magnetic  records,  together  with  a  more  selective  sampling 
of  records  in  the  other  geophysical  disciplines,  and  the  most  complete 
collection  of  Alaskan  remote-sensing  data  in  the  State.  This  includes 
Landsat  and  NOAA  radar  imagery  and  microform  listings  of  current  imagery 
acquisitions.  Analytical  equipment  is  also  available,  such  as  a  roll- film 
viewer,  microfilm  reader,  microfiche  reader /printer  light  tables,  and 
stereoscopes . 
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D.  Current  support  and  pending  applications 

Dr.  Kenneth  A.  Rahn  -  Associate  Research  Professor,  University  of  Rhode  Island 


Title 

Agency 

Duration 

Amount  1 

P.I.  Time 

Current  support 

Arctic  Haze:  Natural  or 
Pollution?  (This  contract, 
N00014-76-C-0435;  with  Dr. 
G.E.  Shaw  of  University  of 
Alaska) 

ONR 

1  Oct.  1978  - 
30  Sept.  1980 
(Renewal  expected) 

$149,761 

FY80 

(URI  portion 
$114,058) 

70* 

Aerosol-snow  fraction¬ 
ation  of  trace  elements 
(with  Dr.  R.J.  McCaffrey) 
(ATM78-17328) 

NSF 

1  June  1979  - 
30  Nov.  1980 

$76,700 

8* 

Methyl  iodide  and  the 
atmospheric  iodine  cycle 
(with  Dr.  R.A.  Duce  and 

Mr.  E.L.  Butler  of  URI) 
(ATM78-16516) 

15  Oct.  1978  - 
30  Apr.  1982 

$36,000 

FY80 

7* 

Radiative  effects  of 

Arctic  haze  (with  Dr. 

G.E.  Shaw  of  the  Univer¬ 
sity  of  Alaska)  (DPP79- 
19816) 

NSF 

15  May  1980  - 
14  May  1 982 

$23,000 

First  year 

15* 

Pending  applications 

This  proposal 

ONR 

1  Oct.  1980  - 
30  Sept.  1983 

$149,000 

FY81 

(URI  share 
$114,000) 

75* 

Dr.  Glenn  E.  Shaw  -  Associate  Professor,  University  of  Alaska 

Current  support 

Arctic  Haze:  Natural  or 
Pollution?  (This  contract, 
N00014-76-C-04 35 ;  with  Dr. 
K.A.  Rahn  of  the  Univer¬ 
sity  of  Rhode  Island) 

ONR' 

1  Oct.  1978  - 
30 "Sept.  1980 
(Renewal  expected) 

$35,703 
(UA  portion) 

4  mo. 
(FY79,80) 

Magnitude  and  Variability  or  NSF 
Solar  Spectral  Irradiance 
(ATM78-12185) 

1  June  1979  - 
30  Nov.  1980 

$107,870 

3.5  mo. 

Submicron  Particles  in 
Antarctica  (DPP79-20804) 

NSF 

1  Aug.  1980  - 
31  Jan.  1982 

$53,380 

3  mo. 
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D.  Current  support  and  pending  applications  (oont.) 


Title 

Agency 

Duration 

Amount  P 

Radiative  Effects  of 

Arctic  Haze  (with  Dr. 

K.A.  Rahn  of  Univer¬ 
sity  of  Rhode  Island) 
(DPP79-19816) 

NSF 

15  May  1980  - 
30  Oct.  1981 

$82,881 

Pending  ap£lications 

This  proposal 

ONR 

1  Oct.  1980  - 
30  Sept.  1983 

$34,892 
(UA  portion, 
FY8l) 

A  Twilight  Radicroetry  Study  NSF 
of  the  Temporal  Evolution 
of  the  Mt.  Saint  Helens 
Stratospheric  Dust  Veil 

1  year 

$26,393 

The  Magnitude  and  Varia¬ 
bility  of  Solar  Spectral 
Irradiance  (Continuation 
of  ATM78- 12185) 

NSF 

1  year 

$69,261 

Final  Design  Development 
of  a  fill  ti wavelength 

Solar  Radiometer  Intended 
for  Solar  Energy  Applica¬ 
tion 

DOE 

1  year 

$43,181 

.1.  Time 
4  mo. 


1  mo. 
(FY81) 
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E.  Budget  -  Fiscal  Year  1981 


(1)  Salaries 

Co-Principal  Investigator 
Dr.  Kenneth  A.  Rahn, 

Associate  Research  Professor  -  9  months 

Mr.  Thomas  J.  Conway 
Research  Specialist  -  12  months 

Ms.  Carla  N.  Pickering 
Administrative  Secretary  -  7  months 

Co-Principal  Investigator 
Dr.  Glenn  E.  Shaw 
Associate  Professor  -  1  month 

Mr.  Wolfgang  E.  Raatz 

Research  Assistant  -  (.70%  of  7-5  mo.  @  1565) 
( 30%  cost-shared  by  Geophysical  Institute) 

Electron  Microscope  Technician  - 
j  month  @  3030 

SUBTOTAL 

7.6%  salary  increment 

SUBTOTAL 

Reserve  for  annual  leave  HI 
Holiday  and  sick  leave  9.5? 


TOTAL  SALARIES  47,400 

(2)  Staff  benefits 

19?  of  41,000  7,790 

23?  of  6,400  1,472 

15?  of  16,305  _ 

TOTAL  STAFF  BENEFITS  9,262 

(3)  Permanent  equipment 

High-volume  aerosol-sampling  station  1,500 

for  Nord,  Greenland 

Computer /word  processor  (partial)  2,000 

TOTAL  PERMANENT  EQUIPMENT  3,500 

(4)  Expendable  equipment  and  supplies  4,000 


URI 

24,000 

17,000 

6,400 


UA 


4,312 

8,216 

1,515 

14,043 

1,067 

15,110 

641 
_ 554 

16,305 


2,446 

2,446 


2,500 


1 - 

Annual  leave,  holiday  and  sick  leave  not  calculated 
on  Research  Assistant. 
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E.  Budget  -  Fiscal  Year  1981  (cont.) 


(5)  Travel 
Domestic: 

Miscellaneous  meetings 

TOTAL  DOMESTIC  TRAVEL 

Foreign: 

Arctic  Network  Technical  Meeting, 

Toronto,  May  1981  (3-5  persons) 

GAF  Meeting,  West  Germany, 

October  1980  (KAR) 

Nord,  Greenland,  spring  1981  (TJC) 

TOTAL  FOREIGN  TRAVEL 
TOTAL  TRAVEL 

(6)  Publications 

(7)  Other 
Computer 

Maintenance  of  sampling  & 
analytical  equipment 
Freight 
Telephone 

Meteorological  maps 

R.  Borys,  Colorado  State  University, 

measurements  of  cloud-active  aerosol 
Illustration  services 
Aircraft  charges  for  winter  1980-81 
aerosol-sampling  experiment 
(60  hours  @  $200) 

TOTAL  OTHER 

(8)  Indirect  costs 

Overhead  g  56.3%  of  total  salaries 
Overhead  8  57.9%  of  total  salaries 


URI 


1,000 

1,000 


1,000 


1,000 

1,000 


3,000 

4,000 

1,250 


500 

500 

2,000 

1,000 

500 

5,000 


500 

8,000 


18,000 


26,686 


UA 


200 


4,000 

4,000 


9,441 


TOTAL  COSTS  114,098  34,892 

GRAND  TOTAL  148,990 
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F.  Ccraaents  on  the  budget  -  Fiscal  Year  1981 

We  are  submitting  a  budget  for  only  the  first  year  of  this  three- 
year  contract,  in  accord  with  ONR  practice.  We  anticipate  similar  levels 
of  real  effort  for  years  2  and  3,  with  total  costs  of  approximately  $162,800 
and  $178,000,  respectively. 

At  the  request  of  the  ONR  Arctic  Program,  our  budget  for  FY  1981 
has  been  kept  to  just  under  $149,000,  slightly  less  than  the  FY  1980 
level  of  $149,761.  In  real  terms  this  means  sizeable  cuts  in  nonsalary 
items,  for  major  salary  increases  have  been  received  or  are  expected  for 
K.  Rahn,  T.  Conway,  C.  Pickering  and  G.  Shaw,  and  W.  Raatz  has  been  taken 
on  by  the  University  of  Alaska.  In  addition,  the  University  of  Rhode 
Island  is  charging  an  additional  19-23$  of  salaries  for  fringe  benefits. 

In  FY  1979,  56$  of  our  Contract  funds  went  to  salaries  and  overhead;  in 
FY  1980  it  was  61$;  now,  in  FY  1981,  it  is  75$. 

Degree  of  effort 

At  the  University  of  Rhode  Island,  the  scientific  time  devoted  to 
this  Contract  remains  the  same  as  last  year,  9  months  for  K.  Rahn  and 
12  months  for  T.  Conway.  Our  secretary,  C.  Pickering,  is  reduced  slightly, 
from  9  months  to  7  months.  In  actuality,  she  will  spend  the  same  amount 
of  time  on  this  Contract,  because  25$  of  her  salary  will  now  come  from 
the  Graduate  School  of  Oceanography. 

At  Colorado  State  University,  R.D.  Borys  continues  to  receive  a 
one-half  graduate  stipend. 

At  the  University  of  Alaska,  G.  Shaw  decreases  from  2  months  in  FY 
1980  to  1  month  this  year  (for  budgetary  reasons  only — he  desires  to  spend 
much  more  time  than  this  on  Arctic  haze),  but  W.  Raatz,  a  second-year  Ph.D. 
student,  will  contribute  5.25  months  to  the  Contract.  He  will  actually 
spend  7.5  months  on  the  Contract,  for  30$  of  his  salary  will  come  from 
the  Geophysical  Institute;  his  thesis  is  exclusively  on  Arctic  haze.  Over¬ 
all,  then,  the  scientific  effort  by  the  Geophysical  Institute  will  be  more 
than  doubled. 

Permanent  equipment 

The  only  permanent  equipment  we  are  requesting  this  year  is  an 
aerosol-sampling  station  for  Nord,  Greenland  ($1,500)  and  partial  funds 
($2,000)  for  a  computer /word  processor,  both  for  URI.  The  computer /word 
processor  will  have  a  variety  of  uses  within  this  Contract:  correspon¬ 
dence  within  the  Arctic  Network,  mailing  of  the  Arctic  Newsletter,  data 
storage  and  retrieval  for  our  Arctic  chemical  data  bank,  the  increasingly 
complex  numerical  simulations  of  long-range  transport  of  aerosols  and 
gases  to  the  Arctic,  and  assisting  with  the  large  volume  of  papers  that 
we  expect  to  publish  during  the  next  2-3  years.  The  rest  of  the 
funds  will  come  from  a  variety  of  sources. 

Travel 


Our  travel  budget  of  $4,000  for  FY  81  is  considerably  smaller  than 
last  year's  budget  of  $24,500.  This  is  because  f*\  Borys'  extensive  field 
studies  will  finish  in  sunnier  1980,  and  because  almost  all  of  our  field 
work  for  FY  1981  will  be  associated  with  Mr.  Heckert's  aircraft  flights. 
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It  is  not  yet  certain  that  K.  Rahn  will  attend  the  GAF  meeting  in  W. 

Germany  in  October,  1980.  If  not,  this  money  will  be  used  for  other 
foreign  travel  that  is  sure  to  arise. 

We  are  deliberately  vague  about  details  of  domestic  travel  because 
experience  has  shown  that  it  can  no  longer  be  laid  out  neatly  a  year  in 
advance.  The  level  of  $1,000  is  reasonable,  based  on  past  years. 

Publications 

We  are  requesting  a  total  of  $1,^50  for  publications  this  year.  We 
expect  to  spend  all  this,  for  there  will  be  many  publications,  as  mentioned 
in  Section  U.A  above. 

Other  costs 


The  principal  items  in  this  category  are  Mr.  Borys'  graduate  stipend 
at  CSU  and  Mr.  Heckert ' s  aircraft  costs.  A  new  wrinkle  at  URI  is  charges 
for  illustration  services,  at  $9.50  per  hour.  Because  of  the  number  of 
drawings  we  expect  to  have  made,  we  have  budgeted  $500  for  this. 
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G.  Biographical  Information 

Co-Principal  Investigator 


NAME:  Kenneth  A.  Rahn 

EDUCATION:  B.S.  Massachusetts  Institute  of  Technology,  1962 

(Chemistry) 

Ph.D.  University  of  Michigan,  1971 
(Meteorology) 


PROFESSIONAL 

EXPERIENCE: 


1980  -  Present  Associate  Research  Professor,  Graduate  School 
of  Oceanography,  University  of  Rhode  Island 

1979  -  Summer  Visiting  Scientist,  Norwegian  Institute  for  Air 
Research,  Lillestrdm,  Norway 


1976  -  1979 


Research  Associate,  Graduate  School  of  Oceanography, 
University  of  Rhode  Island 


1975  -  1976 

1973  -  1975 

1971  -  1973 

1968  -  1971 

1970  -  Sumer 
1963  -  1968 


Invited  Visiting  Scientist 

Max-Planck-Institut  ftlr  Chemie,  Mainz,  W.  Germany 

Research  Associate,  Graduate  School  of  Oceanography, 
University  of  Rhode  Island 

Research  Associate,  Institute  for  Nuclear  Sciences, 
University  of  Ghent,  Belgium 

Graduate  Assistant,  University  of  Michigan 
Ann  Arbor,  Michigan 

Lawrence  Radiation  Laboratory,  Livermore,  California 

Science  and  Mathematics  teacher 
Classical  High  School  and  Barrington  College 
Providence,  Rhode  Island 


PROFESSIONAL 

35CTETC - 


RECENT 

PUBLICATIONS: 


American  Chemical  Society 

American  Association  for  the  Advancement  of  Science 
American  Meteorological  Society 
Gesellschaft  fUr  Aerosolf orschung 


Dams  R. ,  Robbins  J.A. ,  Rahn  K.A.  and  Winchester  J.W.  (1970)  Non  destructive 
neutron  activation  analysis  of  air  pollution  particulates,  Anal.  Cham. 
42,  861. 
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Harrlaon  P.R.,  Rahn  K.A. ,  Dams  R.,  Robbins  J.A.,  Winchester  J.W.,  Brar  S.S. 
and  Nelson  D.M.  (1971)  Areawide  trace  metal  concentrations  in  Northwest 
Indiana  as  determined  by  multielement  neutron  activation  analysis;  a 
one-day  study,  J.  Air  Poll.  Cont.  Assoc.  21,  563. 

Rahn  K.A.,  Dams  R.,  Robbins  J.A.  and  Winchester  J.W.  (1971)  Diurnal  varia¬ 
tions  of  aerosol  trace  element  concentrations  as  determined  by  non¬ 
destructive  neutron  activation  analysis,  Atmos.  Environ.  5,  413. 

Dams  R. ,  Rahn  K.A.,  Nifong  G.E.,  Robbins  J.A.  and  Winchester  J.W.  (1971) 
Nondestructive  multielement  analysis  of  air  pollution  particulates, 
Isotopes  and  Radiation  Technology  9.,  54. 

Rahn  K.A. ,  Wesolowsld  J.J.,  John  W.  and  Ralston  H.R.  (1971)  Diurnal  varia¬ 
tions  of  aerosol  and  trace  element  concentrations  in  Livermore,  Cali¬ 
fornia,  <J.  Air  Poll.  Cont.  Assoc.  21,  406. 

Dams  R.,  Robbins  J.A. ,  Rahn  K.A.  and  Winchester  J.W.  (1971)  Quantitative 
relationships  among  trace  elements  over  industrialized  Northwest 
Indiana,  Nuclear  Techniques  in  Environmental  Pollution,  International 
Energy  Agency,  Vienna. 

Dams  R. ,  Rahn  K.A.  and  Winchester  J.W.  (1972)  Evaluation  of  filter  mater¬ 
ials  and  impaction  surfaces  for  nondestructive  neutron  activation 
analysis  of  aerosols,  Env.  Sci.  Technol.  6,  441. 

John  W. ,  Kaifer  R.,  Rahn  K.  and  Wesolowsld.  J.J.  (1973)  Trace  element  con¬ 
centrations  in  aerosols  from  the  San  Francisco  Bay  area,  Atmos.  Environ. 

7,  107. 

Rahn  K. ,  Detmynck  M. ,  Dams  R.  and  DeGraeve  J.  (1973)  The  chemical  compo¬ 
sition  of  the  aerosol  over  Belgium,  Proceedings  of  the  Third  Inter¬ 
national  Clean  Air  Congress,  DUsseldorf,  Germany,  CH1-C84,  VDI-Verlag 
GmbH,  Diisseldorf,  West  Germany. 

Heindryckx  R. ,  Demuynck  M. ,  Dams  R.,  Jansswis  M.  and  Rahn  K.A.  (1973) 

Mercury  and  cadmium  in  Belgian  aerosols,  Colloquium  on  the  Problems 
of  the  Contamination  of  Man  and  His  Environment . by  Mercury  and  Cadmiun, 
Luxembourg,  July  1975,  Sponsored  by  the  Cocmisslon  of  the  European 
Comnunities,  Directorate  Health  Protection. 

Rahn  K.A.,  Beke  G.  and  Windels  G.  (1974)  An  automatic  filter  changer  for 
collection  of  short-period  high- volume  aerosol  samples,  Atmos.  Environ. 

8,  635. 

Rahn  K.A.,  Borys  R.D.  and  Duce  R.A.  (1975)  The  University  of  Rhode  Island's 
air  sampling  program  in  the  Northwest  Territories,  Report  of  Pojjtr 
Meteorology  Workshop,  Reno,  Nevada.  1975.  Desert  Research  Institute 
Laboratory  of  Atmospheric  Physics,  Technical  Report,  Series  P  (Physical 
Sciences)  No.  18,  pp.  85-87. 

Harrison  P.R.,  Rahn  K.A.,  Dams  R.,  Robbins  J.A.  and  Winchester  J.W.  (1975) 
Areawide  trace  metal  distributions  in  northwest  Indiana  aerosols, 

In:  Trace  Contaminants  in  the  Environment,  American  Institute  of 
Chemical  Engineers  Symposium  Series,  No.  149,  pp.  19-25,  AndrG  F. 

LeRoy,  Ed. 
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Rahn  K.A.  (1975)  Chemical  composition  of  the  atmospheric  aerosol:  A 
compilation  I.  Extern  J*.  286-313. 

Rahn  K.A.  (1975)  Chemical  composition  of  the  atmospheric  aerosol:  A 
compilation  II,  Extern  4,  639-667. 

Rahn  K.A.  and  Harrison  P.R.  (1976)  The  chemical  composition  of  Chicago 
street  dust,  In:  Atmosphere-Surface  Exchange  in  Particulate  and 
Gaseous  Pollutanti~(1974),  Symposiun  Proceedings,  C0NF-74Q921,  NTIS, 
U.S.  Dept,  of  Conmerce,  Springfield,  VA  22161,  pp.  557-570. 

Demuynck  M.  Rahn  K.A.,  Janssens  M.  and  Dams  R.  (1976)  Chemical  analysis 
of  airborne  particulate  matter  during  a  period  of  unusually  high 
pollution,  Atmos.  Environ.  10,  21-26. 

Rahn  K.A.,  Borys  R.D.  and  Duce  R.A.  (1978)  Tropospheric  halogen  gases: 
Inorganic  and  organic  components,  Science  192,  549-550. 

Rahn  K.A.  (1976)  Silicon  and  aluminun  in  atmospheric  aerosols:  Crust-air 
fractionation?  Atmos.  Environ.  10.  597-601. 

Rahn  K.A.  (1976)  Systematic  chemical  differences  between  the  atmospheric 
aerosol  and  its  deposition,  Jahreskongress  1975  der  Gesellschaft 
fOr  Aerosolforschung  e.V.,  15-17  October  1975,  Bad  Soden  (Tr. ,  W. 
Germany),  53-5 6. 

Rahn  K.A.  (1976)  The  chemical  composition  of  the  atmospheric  aerosol, 
University  of  Rhode  Island  Technical  Report,  265  pp. 

Rahn  K.A. ,  Borys  R.D.  and  Duce  R.A.  (1977)  Determination  of  inorganic 
and  organic  components  of  gaseous  chlorine,  bromine,  and  iodine  in 
the  atmosphere,  Special  Environmental  Report  No.  10.  Air  pollution 
measurement  techniques.  World  Meteorological  Organization  Report 
No.  460,  Geneva,  Switzerland,  pp.  172-178. 

Rahn  K.A. ,  Schlltz  L.  and  Jaenicke  R.  (1977)  The  crustal  component  of  back¬ 
ground  aerosols:  its  importance  in  interpreting  heavy  metal  data, 
Special  Environmental  Report  No.  10.  Air  pollution  measurement  tech¬ 
niques.  World  Meteorological  Organization  Report  No.  460,  Geneva, 
Switzerland ,  pp.  150-156. 

Rahn  K.A.,  Borys  R.D.  and  Shaw  G.E.  (1977)  The  Asian  source  of  Arctic 
haze  bands,  Nature  268,  713-715. 

Walsh  P.R.,  Rahn  K.A.  and  Duce  R.A.  (1978)  Erroneous  mass-size  functions 
from  a  high- volume  cascade  impactor,  Atmos.  Environ.  12,  1793-1795. 

Rahn  K.A.  (1978)  The  Arctic  Air-Sampling  Network,  Arctic  Bulletin  2,  342- 
346. 

Lead arer  B.P.  et  al.  (1978)  Stannary  of  the  New  York  Sumer  Aerosol  Study 
(NYSAS),  7 "  Hr  Poll.  Control  Assoc.  28,  321-327. 

Rahn  K.A.,  Borys  R.D.,  Shaw  G.E. ,  SchQtz  L.  and  Jaenicke  R.  (1979)  Long- 
range  impact  of  desert  aerosol  on  atmospheric  chemistry:  Two  examples, 
In:  Saharan  Dust:  Mobilization.  Transport.  Deposition.  SCOPE  14,  ed. 

C.  Morales,  Jotm  Wiley  4  Sons  Ltd.,  dmchester,  England,  pp.  243-266. 


I 
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Harrison  P.R.  and  Rahn  K.A.  (1979)  Atmospheric  particulate  "pollutants", 
pp.  177-216  of  Review  of  Research  on  Modern  Problems  in  Geochemistry, 
ed.  F.R.  Siegel,  UNESCO,  £arth  Sciences  16,  290  pp.  ' 


Lioy  P.J. ,  Wolff  G.T.,  Rahn  K.A. ,  Bernstein  D.M.  and  Kleinman  M.T.  (1979) 
Characterization  of  aerosols  upwind  of  New  York  City:  II.  Aerosol 
composition.  In:  The  New  York  Sumner  Aerosol  Study,  1976,  Ann.  NY 
Acad.  Sol.  322.  7^85! 

Bernstein  D.M.  and  Rahn  K.A.  (1979)  New  York  Sumner  Aerosol  Study:  Trace 
element  concentrations  as  a  function  of  particle  size.  In:  The  New 
York  Sumner  Aerosol  Study,  1976,  Ann.  NY  Acad.  Scl.  322  ,  87-9 f. 

Rahn  K.A. ,  Borys  R.D.,  Butler  E.L.  and  Duce  R.A.  (1979)  Gaseous  and  par¬ 
ticulate  halogens  in  the  New  York  City  atmosphere.  In:  The  New  York 
Sumner  Aerosol  Study,  1976,  Ann.  NY  Acad.  Sci.  322.  143-152!  ” 


SchUtz  L. ,  Ketseridis  G.  and  Rahn  K.A.  (1979)  Elemental  composition  of 
Aitken  particles,  pp.  179-183  of  Aerosole  in  Naturwissenschaft, 

Medlzin  und  Technik  -  Dynamik  und  Nachweis  ultrafeiner  Aerosole  - 
26-28  September  1978,  Wien  (Proceedings  of  the  1978  Annual  Meeting 
of  the  Oesellschaft  flir  Aerosolforschung ) . 

Rahn  K.A.  and  McCaffrey  R.J.  (1979)  Compositional  differences  between 

Arctic  aerosol  and  snow.  pp.  305-310  of  Aerosole  in  Naturwissenschaft, 
Medizin  und  Technik  -  Dynamik  und  Nachweis  ultrafeiner  Aerosole" 

26-28  September  1978,  Wien  (Proceedings  of  the  1978  Annual  Meeting 
of  the  Gesellschaft  fUr  Aerosolforschung) . 

Rahn  K.A.  and  McCaffrey  R.J.  (1979a)  Compositional  differences  between 
Arctic  aerosol  and  snow.  Nature  280,  479-480. 

Rahn  K.A.  (1979)  The  Eurasian  sources  of  Arctic  aerosol. NILU  Oppdrags- 
rapport  NR  34/79.  Norwegian  Institute  for  Air  Research,  Lillestrtta, 
September  1979,  36  pp. 

Rahn  K.A.  and  McCaffrey  R.J.  (1979b)  Long-range  transport  of  pollution  aero¬ 
sol  to  the  Arctic:  A  problem  without  borders.  Papers  presented 
at  tha  WMD  Symposium  on  the  Long-Range  Transport  of  Pollutants  and 
its  Relation  to  General  Circulation  including  ^tratospherlc/Tropospheric 
Exchange  iVocesses,  "S5Hi71^'^'t0&r'I$W,^-ito.'  ^38",  pp."S-35': - 

Rahn  K.A.  and  McCaffrey  R.J.  (I960)  On  the  origin  and  transport  of  the 
winter  Arctic  aerosol.  In:  Aerosols:  Anthropogenic  and  Natural, 

Sources  and  Transport,  Ann,  ttf  Acad.  Sci.  585=553: - 

In  Press 


Rahn  K.A. ,  Borys  R.D.  and  Shaw  G.E. ,  Asian  desert  dust  over  Alaska:  Anatomy 
of  an  Arctic  haze  episode.  Proceedings  of  the  AAAS  Symposium  Desert 
Dust :0ri^in^  Characteristics,  and  Effect  on  Man,  Denver,  22-2T 


Rahn  K.A.,  Borys  R.D.  and  Shaw  G.E.,  Particulate  air  pollution  in  the 

Arctic:  Large-scale  occurrence  and  meteorological  controls.  Proceed- 
lnga  of  the  9th  International  Conference  on  Atmospheric  Aerosols^ 
Condensation  and  ice  duciel,  Galway,  Ireland,  21-27  September  1977. 
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Rahn  K.A.  (1980)  On  the  causes,  characteristics  and  potential  environ¬ 
mental  effects  of  aerosol  in  the  Arctic  atmosphere.  Proceedings 
of  the  Conference  The  Arctic  Ocean:  The  Hydrographic  Environment 
and  the  Fate  of  Pollutants,  London,  11-12  March  1980 ,  Sponsored" 
by  the  rioyal  Geographic  Society  and  the  Ccmite  Arctique. 
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G.  Biographical  Information  (cont.) 

Co-Principal  Investigator 


NAME: 


Glenn  E.  Shaw 


Redacted] 


EDUCATION: 

B.S.  Montana  State  University,  1963  . 

M.S.  University  of  Southern  California,  1965 

Ph.D.  University  of  Arizona,  1971 

POSITIONS  HELD  &  EXPERIENCE: 

Engineering  Associate,  Engineering  Research  Laboratory,  Bozeman, 
Montana,  1962-1963.  Development  of  Electronics. 
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